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V1. Heavy-duty Pickups and Vans

A. Introduction and Summary of Phase 1 HD Pickup and Van Standards

In the Phase 1 rule, EPA and NHTSA established GHG and fuel consumption standards
and a program structure for gg;_g}gigjf_g__Llas‘; 2b and 3 heavy-duty vehicles (referred to in these |
rules as “HD pickups and vans™), as described below. The Phase 1 standards began to be
phased-in in MY 2014 and the agencies believe the structure of the program is working well.
The agencies are proposing to retain mansmost elements from the structure of the program
established in the Phase 1 rule for Phase 2 while proposing to require additional GHG reductions
and fuel consumption improvements through increasing the stringency of standards for MYs

2021-2025 and later.

Heavy-duty vehicles with GVWR between 8,501 and 10,000 1b are classified in the
industry as Class 2b motor vehicles. Class 2b adse-includes vehicles classified a3 medium-duty L

passenger vehicles (MDPVs) thatsuch as very large SUVs. Because MDPYs and frequently use
like likke-duty passenger vehicles, they are regulated by the agencies under the light-duty vehicle
rules;, Thus the agencies did not adopt additional requirements for MDPVs in the Phase 1 rule
and are not proposing additional requirements for MDPVs in this rulemaking. Heavy-duty
vehicles with GVWR between 10,001 and 14,000 Ib are classified as Class 3 motor vehicles.
Class 2b and Class 3 heavy-duty vehicles together emit about 15 percent of today’s GHG
emissions from the heavy-duty vehicle sector.

About 90 percent of HD pickups and vans are ¥4-ton and 1-ton pickup trucks, 12- and 15-
passenger vans, and large work vans that are sold by vehicle manufacturers as complete vehicles,
Wlth no secondary manufacturer making substantial modifications prior to registration and use.

SHE-VE ers-arelviost of these vehicles are produced by companies with major l
hi ght—duty market‘; n the United States, primarily Ford, General Motors, and Chrysler. Often,
the technologies available to reduce fuel consumption and GHG emissions from this segment are
similar to the technologies used on light-duty pickup trucks and vans, including both engine
efficiency improvements (for gasoline and diesel engines) and vehicle efficiency improvements.
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s-In the Phase 1 rule EPA adopted GHG standards for HD pickups and
vans based on the Whole vehicle (including the engine), expressed as grams of CO» per mile,
consistent with the way these vehicles are regulated by EPA today for criteria pollutants.
NHTSA adopted corresponding gallons per 100 mile fuel consumption standards that are
likewise based on the whole vehicle. This complete vehicle approach adopted by both agencies
for HD pickups and vans was consistent with the recommendations of the NAS Committee in its
2010 Report. EPA and NHTSA adopted a ﬁtmcture for the Phase 1 HD pickup and van
standards that paratisled-in many respects the-p = ishedparalleled long-standing
A& CAFE standards and more recent u)ordmatcd EPA andMNHEHTSAGHG standards for
manum\,iurbrb ﬂu,i% of new hght dutv pmgram 4T e{}rﬂml of- GHG- emmssions-and-umprovement
> : > te-bas andardsvehicles. These commonalities
mclude anew Vehlcle fleet average ﬁtandard for each manufacturer in each model year and the
determination of these tleet average standards based on production volume-weighted targets for
cach model, with the targets varying based on a defined vehicle attribute. Vehicle testing for
both the HD and light-duty vehicle programs is conducted on chassis dynamometers using the
drive cycles from the EPA Federal Test Procedure (Light-duty FTP or “city” test) and Highway
Fuel Economy Test (HFET or “highway™ test).!

For the light-duty GHG and fuel economy? standards, the agencies factored in vehicle
size by basing the emissions and fuel economy targets on vehicle footprint (the wheelbase times
the average track width).? For those standards, passenger cars and light trucks with larger
footprints are assigned higher GHG and lower fuel economy target levels in acknowledgement of
their inherent tendency to consume more fuel and emit more GHGs per mile. EISA requires that
NHTSA study “the appropriate metric fur measurmn and cxpfessmn commercmt mcdmm— and
heavy-duty vehicle and work truck fuel e ; :
agther thm%., the work performed by such on- high‘v\’a\/ vehicles and wor}, tmcks. .. 5.
32902 k) (1D(B1.Y For HD pickups and vans, the agencies also set standards based on vehicle
attributes, but used a work-based metric as the attribute rather than the footprint attribute utilized
in the light-duty vehicle rulemaking. Work-based measures such as payload and towing
capability are key among the parameters that characterize differences in the design of these
vehicles, as well as differences in how the vehicles will be utilized. Buyers consider these
utility-based attributes when purchasing a HD pickup or van. WNHTSA-is-4-faet required-to-study

the, appwpﬁ&&, metrie- m; mf:a;wrmu and- e){pre. BEHIG- M}mm«,{@m} m«,d - a;nd heavy-duty

5

! The Light-duty FTP is a vehicle driving cycle that was originally developed for certifying light-duty vehicles and
subsequently applied to HD chassis testing for criteria pollutants. This contrasts with the Heavy-duty FTP, which
refers to the transient engine test cycles used for certifying heavy-duty engines (with separate cycles specified for
diesel and spark-ignition engines).

* Lighi duh fuel economy siami,irda arg expressed as miles Do( uailoxi Sape), which is tnverse to the TD fuel

3 hISA requires CAPE standards for passenger cars and hght trucks to be attribute-based; See 49 U.S.C.
32902(b)(3)( A)

5710]
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335-EPA and NHTSA therefore finalized Phase 1 standards for HD pickups and vans based
on a “work factor” attribute that combines the vehicle’s payload and towing capabilities, with an
added adjustment for 4-wheel drive vehicles. See generally 76 FR 57161-62.

For Phase 1, the agencies adopted provisions such that each manufacturer’s fleet average
standard is based on production volume-weighting of target standards for all vehicles that in turn
are based on each vehicle’s work factor. These target standards are taken from a set of curves
(mathematical functions). The Phase 1 curves are shown in the figures below for reference and
are described in detail in the Phase 1 final rule.® The agencies established separate curves for
diesel and gasoline HD pickups and vans. The agencies are proposing to continue to use the
work-based attribute and gradually declining standards approach for the Phase 2 standards, as
discussed in Section VI.B. below. Note that under this approach. mapufaciurers are ot J
encouraged o reduce the capabilities of these vehicles because less capable vehicles are reguired
{0 have proportonally lower emissions and fuel consumption.

é'l é /""l-
% The Phase 1 Final Rule provides a full discussion of the standard curves including the equations and coefficients.

See 76 FR 57162-57165, September 15 2011. The standards are also provided in the regulations at 40 CFR
1037.104.
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Figure VI-1: EPA Phase 1 CO: Target Standards and NHTSA Fuel Consumption Target Standards for Diesel

HD Pickups and Vans’

7 The NHTSA program provides voluntary standards for model years 2014 and 2015. Target line functions for

2016-2018 are for the second NHTSA alternative described in the Phase 1 preamble Section ILC (d)(ii).
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Figure VI-2: EPA Phase 1 CO; Target Standards and NHTSA Fuel Consumption Target Standards for
Gasoline HD Pickups and Vans

EPA phased in its CO; standards gradually starting in the 2014 model year, at 15-20-40-
60-100 percent of the model vear 2018 standards stringency level in model years 2014-2015-
2016-2017-2018, respectively. The phase-in takes the form of the set of target standard curves
shown above, with increasing stringency in each model year. The final EPA Phase 1 standards
for 2018 (including a separate standard to control air conditioning system leakage) represent an
average per-vehicle reduction in GHGs of 17 percent for diesel vehicles and 12 percent for
gasoline vehicles, compared to a common MY 2010 baseline. EPA also finalized a compliance
alternative whereby manufacturers can phase in different percentages: 15-20-67-67-67-100
percent of the model vear 2019 standards stringency level in model years 2014-2015-2016-2017-
2018-2019, respectively. This compliance alternative parallels and is equivalent to NHTSA’s
first alternative described below.

NHTSA’s Phase 1 program allows manufacturers to select one of two fuel consumption
standard alternatives for model years 2016 and later. The first alternative defines individual
gasoline vehicle and diesel vehicle fuel consumption target curves that will not change for model
years 2016-2018, and are equivalent to EPA’s 67-67-67-100 percent target curves in model years
2016-2017-2018-2019, respectively. This option is consistent with EISA requirements that
NHTSA provide 4 years lead-time and 3 years of stability for standards. 49 U.S.C. Section
32902 (k)(3). The second alternative uses target curves that are equivalent to the EPA’s 40-60-
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100 percent target curves in model years 2016-2017-2018, respectively. Stringency for the
alternatives in Phase 1 was selected by the agencies to allow a manufacturer, through the use of
meet both NHTSA fuel efficiency and EPA GHG emission standards using a single compliance
strategy. If a manufacturer cannot meet an applicable standard in a given model year, it may
make up its shortfall by over-complying in a subsequent year. NHTSA also allows
manufacturers to voluntarily opt into the NHTSA HD pickup and van program in model years
2014 or 2015. For these model years, NHTSA’s fuel consumption target curves are equivalent to

Table VI-1: Phase 1 Standards Phase-in Options

2014 | 2015 | 2016 | 2017 {2018 | 2019
EPA Primary Phase-in 15% 20% 40% 60% 100% | 100%
EPA Compliance Option 15% 20% 67% 67% 67% 100%
NHTSA First Option 0% 0% 67% 67% 67% 100%
NHTSA Second Option 0% 0% 40% 60% 100% | 100%

The form and stringency of the Phase 1 standards curves are based on the performance of
a set of vehicle, engine, and transmission technologies expected (although not required) to be
used to meet the GHG emissions and fuel economy standards for model year 2012-2016 light-
duty vehicles, with full consideration of how these technologies are likely to perform in heavy-
duty vehicle testing and use. All of these technologies are already in use or have been
announced for upcoming model vears in some light-duty vehicle models, and some are in use in
a portion of HD pickups and vans as well. The technologies include:

e advanced 8-speed automatic transmissions

e aerodynamic improvements

e clectro-hydraulic power steering

e engine friction reductions

e improved accessories

e low friction lubricants in powertrain components
e lower rolling resistance tires

e lightweighting

e gasoline direct injection

e diesel aftertreatment optimization

e air conditioning system leakage reduction (for EPA program only)
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B. Proposed HD Pickup and Van Standards

As described in this section, NHTSA and EPA are proposing Phase 2 standards that
become more stringent over model years 2021-2025. The agencies are proposing standards
based on a year-over-year increase in stringency of 2.75% for a total increase in stringency over
MYs 2021-2025 of about 13% compared to Phase 1. The agencies have analyzed several
alternatives which are discussed in this section below and in Section X. In particular, we are
requesting comment not only on the proposed standards but also on Alternative 4 which is based
on a year-over-year increase in stringency of 3.5%, as discussed below. While we believe the

preferred alternative 1" feasible m 1[1@ tlmc frame of t}us ml € and that Alfernative 4\»\&}}4{: e
£ il - N "

eveb \ih(

twhm}k}cw pene &mtk}nadommn raie ot ad\ anced e dmologm for certain hlgh volume vehicle
segments. As discussed in more detail in I A. (1} belowG&belew, both of the considered
stringency levels require comparable penetration rates of almo%t every technology approaching
100% penetration on most technologies, however alternative 4 would additionally require
significant penetration of strong hybridization-as-deseribed-below nments,

: seFaHeT

adoption s

When considering potential Phase 2 standards, the agencies anticipate that the
technologies listed above that were considered in Phase 1 will continue to be available in the
future if not already applied under Phase 1 standards and that additional technologies will also be
available:

e advanced engine improvements for friction reduction and low friction lubricants
e improved engine parasitics, including fuel pumps. oil pumps, and coolant pumps
e valvetrain variable lift and timing

e cylinder deactivation

e direct gasoline injection

e cooled exhaust gas recirculation

¢ turbo downsizing of gasoline engines

e Diesel engine efficiency improvements

¢ downsizing of diesel engines

e 8-speed automatic transmissions

e electric power steering

e high efficiency transmission gear boxes and driveline

e further improvements in accessory loads

e additional improvements in aerodynamics and tire rolling resistance

e low drag brakes

ED_002078G_00029342-00007



e mass reduction
¢ mild hybridization

e strong hybridization

SeetionSections VL.C. and 1) below and Section 2 of the Draft RTA provide a detailed
analysis of these and other potential technologies for Phase 2, including their feasibility, costs,
and effectiveness and projected application rates for reducing fuel consumption and CO»
emissions when utilized in HD pickups and vans. Sectiony VI.C: and [ and Section X also
discuss the selection of the proposed standards and the alternatives considered.

In addition to the EPA’s CO; emission standards and NHTSA’s fuel consumption
standards for HD pickups and vans, EPA also finalized standards for two additional GHGs —
N2O and CHy, as well as standards for air conditioning-related HFC emissions in the Phase 1
rule. EPA is proposing to continue these standards in Phase 2. Also, asreguired-byconsistent
i use and EPA is proposing to continue the in-use standards approach in Phase 2. All of the
proposed standards for these HD pickups and vans are discussed in more detail below. Program
flexibilities and compliance provisions related to the standards for HD pickups and vans are
discussed in Section VI.D.

A relatively small number of HD pickups and vans are sold by vehicle manufacturers as
incomplete vehicles, without the primary load-carrying device or container attached. In Phase 1,
we generally regulated these vehicles as Class 2b through 8 vocational vehicles but also allowed
manufacturers the option to choose to comply with heavy-duty pickup or van standards. A
sizeable subset of these incomplete vehicles, often called cab-chassis vehicles, are sold by the
vehicle manufacturers in configurations with complete cabs and many of the components that
affect GHG emissions and fuel consumption identical to those on complete pickup truck or van
counterparts — including engines, cabs, frames, transmissions, axles, and wheels. As just noted,
the Phase 1 program includes provisions that allow manufacturers to include these Class 2b and
3 vehicles, as well as some Class 4 through 6 vehicles, to be regulated under the chassis-based
HD pickup and van program (i.e. subject to the standards for HD pickups and vans), rather than
the vocational vehicle program.® The agencies are proposing to continue this approach for the
Phase 2 standards. Phase 1 also includes optional compliance paths for spark-ignition engines
identical to engines used in heavy-duty pickups and vans to comply with 2b/3 standards in
accordance with 40 CFR 1037.150(m) and 49 CFR 535.5(a)(7). Manufacturers sell such engines
as loose engines or install these engines in incomplete vehicles that are not cab-complete
vehicles. The agencies are not proposing to retain the loose engine provisions for Phase 2. These
program elements are discussed above in Section V on vocational vehicles.

NHTSA and EPA request comment on all aspects of the proposed HD pickup and van
standards and program elements described below and the alternatives discussed in Section X.

% See 76 FR 57259-57260, September 15, 2011 and 78 FR 36374, June 17, 2013,
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(1) Vehicle-Based Standards

For Phase 1, EPA and NHTSA chose to set vehicle-based standards whereby the entire
vehicle is chassis-tested. The agencies propose to retain this approach for Phase 2. About 90
percent of Class 2b and 3 vehicles are pickup trucks, passenger vans, and work vans that are sold
by the original equipment manufacturers as complete vehicles, ready for use on the road. In
addition, most of these complete HD pickups and vans are covered by CAA vehicle emissions
standards for criteria pollutants (i.e., they are chassis tested similar to light-duty), expressed in
grams per mile. This distinguishes this category from other, larger heavy-duty vehicles that
typically have-enly-the engines covered by CAA engine emission standards for criteria |
pollutants, expressed in grams per brake horsepower-hour. As a result, Class 2b and 3 complete
vehicles share both substantive elements and a regulatory structure much more in common with
light-duty trucks than with other heavy-duty vehicles.

Three of these features in common are especially significant: (1) over 95 percent of the
HD pickups and vans sold in the United States are produced by Ford, General Motors, and
Chrysler — three companies with large light-duty vehicle and light-duty truck sales in the United
States; (2) these companies typically base their HD pickup and van designs on higher sales
volume light-duty truck platforms and technologies, often incorporating new light-duty truck
design features into HD pickups and vans at their next design cycle, and (3) at this time most
complete HD pickups and vans are certified to vehicle-based rather than engine-based EPA
criteria potlutant and GHG standards. There is also the potential for substantial GHG and fuel |
consumption reductions from vehicle design improvements beyond engine changes (such as
through optimizing aerodynamics, weight, tires, and accessories), and #hea single manufacturer i{s
generally responsible for both engine and vehicle design. All of these factors together suggest
that it 1s still appropriate and reasonable to base standards on performance of the vehicle as a
whole, rather than to establish separate engine and vehicle GHG and fuel consumption standards,
as 1s being done for the other heavy-duty categories. The chassis-based standards approach for
complete vehicles was also consistent with NAS recommendations and there was consensus in
the public comments on the Phase 1 proposal supporting this approach. For all of these reasons,
the agencies continue to believe that establishing chassis-based standards for Class 2b and 3
complete vehicles is appropriate_for Phase 2.

(@) Work-Based Attributes

In developing the Phase 1 HD rulemaking, the agencies emphasized creating a program
structure that would achieve reductions in fuel consumption and GHGs based on how vehicles
are used and on the work they perform in the real world. Work-based measures such as payload
and towing capability are key among the things that characterize differences in the design of
vehicles, as well as differences in how the vehicles will be used. Vehicles in the 2b and 3
categories have a wide range of payload and towing capacities. These work-based differences in
design and in-use operation are key factors in evaluating technological improvements for
reducing CO; emissions and fuel consumption. Payload has a particularly important impact on
the test results for HD pickup and van emissions and fuel consumption, because testing under
existing EPA procedures for criteria pollutants and the Phase 1 standards is conducted with the
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vehicle loaded to half of its payload capacity (rather than to a flat 300 Ib as in the light-duty
program), and the correlation between test weight and fuel use is strong.

Towing, on the other hand, does not directly factor into test weight as nothing is towed
during the test. Hence, setting aside any interdependence between towing capacity and payload,
only the higher curb weight caused by any heavier truck components would play a role in
affecting measured test results. However towing capacity can be a significant factor to consider
because HD pickup truck towing capacities can be quite large, with a correspondingly large
effect on vehicle design.

We note too that, from a purchaser perspective, payload and towing capability typically
play a greater role than physical dimensions in influencing purchaser decisions on which heavy-
duty vehicle to buy. For passenger vans, seating capacity is of course a major consideration, but
this correlates closely with payload weight.

For these reasons, EPA and NHTSA set Phase 1 standards for HD pickups and vans
based on a “work factor” attribute that combines vehicle payload capacity and vehicle towing
capacity. in lbs, with an additional fixed adjustment for four-wheel drive (4wd) vehicles. This
adjustment accounts for the fact that 4wd, critical to enabling many off-road heavy-duty work
applications, adds roughly 500 Ib to the vehicle weight. The work factor is calculated as follows:
75% maximum payload + 25% of maximum towing + 375 Ibs if 4wd. Under this approach,
target GHG and fuel consumption standards are determined for each vehicle with a unique work
factor (analogous to a target for each discrete vehicle footprint in the light-duty vehicle rules).
These targets will then be production weighted and summed to derive a manufacturer’s annual
fleet average standard for its heavy-duty pickups and vans. There was widespread support (and
no opposition) for the work factor-based approach to standards and fleet average approach to
compliance expressed in the comments we received on the Phase 1 rule. The agencies are
proposing to continue using the work factor attribute for the Phase 2 standards and request
comments on continuing this approach.

Recognizing that towing 1¢ ot reflected mn the test for these vehicles, however, the
agencies are requesting comment with respect to the treatment of towing in the work factor,
especially for diesel vehicles. More specifically, does using the existing the work factor equation
create an inappropriate incentive for manufacturers to provide more towing capability than
needed for some operators, or a disincentive for manufacturers to develop vehicles with
intermediate capability?, In other words, does it encourage “surplus” towing capability? that has
no value to vehicle owners and operators? We recognize that some owners and operators do
actually use their vehicles to tow very heavy loads, butmanvand that some owners and operators
who rarely use their vehicles to tow heavy loads nonetheless prefer to own vehicles capable of
doing so. However, others willmay never tow such heavy loads and purchase their vehicles

seayse-offor other reasons, such as cargo capacity or off-road capability. Some of these
hgé‘;«a—}ieqs demanding (n terms of towing) users may choose to purchase gasoline-powered
vehicles that are typically less expemwe and have lower (ICWR values, an indicator of towing
capability. However, others max sst-suts R EE >thatbas-ancould prefer a diesel
engine more powerful than toddv s gabohnc engmeb bul less powerful than the typical diesel
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engines found in 2b and 3 pickups today. In this context, the agencies are considering three(but
have not vet evaluated) fowr possible changes to the work factor and how it is applied. First, the
agencies are considering revising the work factor to weight payload by 80 percent and towing by
20 percent. Second, we are considering capping the amount of towing that could be credited in
the work factor. For example, the work factors for all vehicles with towing ratings above 15,000
Ibs could be calculated based on a towing rating of 15,000 lbs. It is important to be clear that
such a provision would not limit the towing capability manufacturers could provide, but would
only impact the axtcnt o Which iha work factor—F—iﬁ&iJﬁL wouid “reward” mwin s capabﬂitv

to become more flat at very high work factors. A flatter curve would mean that vehicles with
very high work factors would be more similar to vehicles with lower work factors than is true for
the proposed curve. Thus, conceptually, flattening the curves at the high end might be
appropriate if we were to determine that these high work factor vehicles actually operate more
similar to the less capable vehicles. For example, when not towing and when not hauling a full
payload, heavy-duty pickup trucks with very different work factors may actually be performing
the same work. Finally. we are considering having different work factor formulas for pickups

and vans, and whether any of other changes should be applied differently {0 pickups than (o vang,

We welcome comments on both the extent to which surplus towing may be an issue and whether
any of the potential changes discussed above would be appropriate. Commenters supporting
such changes are encouraged to also address other-changes-that-weuld benecsssary-in
confunstien-with-these ehanges-any_potential accompanving dlanCs For cxamplc if we
reweight the work factor, would we-need-other changes to Bnahize-diftere cat-the
coefficients defining the target curves be mnportant to ensure that ﬁtandardsv remain at the
maxiunum feasible levels. (Commenters should, however, recognize that average requirernents
will. in any event. depend on fleet mix, and the agencies expect to update estimates of future
fleet mix before 1ssuing a final rule)

As noted in the Phase 1 rule, the attribute-based CO- and fuel consumption standards are
meant to be as consistent as practicable from a stringency perspective. Vehicles across the entird
range of the HD pickup and van segment have their respective target values for CO; emissions
and fuel consumption, and therefore all HD pickups and vans will be affected by the standard.
With this attribute-based standards approach, EPA and NHTSA believe there should be no
significant effect on the relative distribution of vehicles with differing capabilities in the fleet,
which means that buyers should still be able to purchase the vehicle that meets their needs.

(b) Standards

The agencies are proposing Phase 2 standards based on-a-techrelegy analysis performed |
to determine the appropriate HD pickup and van standards for MYs 2021-2025. This analysis,
described below and in the Draft RIA, considered:

e projections of future U.S. sales for HD pickup and vans
¢ the estimates of corresponding CO» emissions and fuel consumption for these vehicles

e forecasts of manufacturers’ product redesign schedules
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e the technology available in new MY 2014 HD pickups and vans to specify preexisting
technology content to be included in the analysis fleet (the fleet of vehicles used as a starting
point for analysis) extending through MY 2030

e the estimated effectiveness, cost, applicability, and availability of technologies for HD
pickup and vans

e manufacturers’ ability to use credit carry-forward

e the levels of technology that are projected to be added to the analysis fleet through MY 2030
considering improvements needed in order to achieve compliance with the Phase 1 standards
(thus defining the reference ﬂeet i.e., under the No Action Alternative—relative to which to

¢ the levels of technology that are projected to be added to the analysis fleet through MY2030
considering further improvements needed in order to achieve compliance with standards
defining each regulatory (action) alternative for Phase 2.

Based on this analysis, EPA is proposing CO; attribute-based target standards shown in
}"igure \'}' W&gﬁre%%—% and Fiouie 3 ’i 4%&—4 and NHTS/\ is propOsing the equivalent

.............................

change the standards for 2018-2020 and therefore the standards would remain stable at the MY
2018 Phase 1 levels for MYs 2019 and 2020. EISA requires four years of lead-time and three
years stability for NHTSA standards and this period of lead-time and stability for 2018-2020 is
consistent with the EISA requirements. For MYs 2021-2025, the agencies are proposing annual
reductions in the standards as the primary phase-in of the Phase 2 standards. The proposed
standards become 13% more stringent overall between MY 2020 and MY 2025. This approach
to the Phase 2 standards as a whole can be considered a phase-in or implementation schedule of
the fnslproposed MY 2025 standards (which would apply thereafter unless and until amended).

For EPA, Section 202(a) provides the Administrator with the authority to establish
standards, and to revise those standards “from time to time”, thus providing the Administrator
with considerable discretion in deciding when to revise the Phase 1 MY 2018 standards. EISA
requires that NHTSA provide 4 full model vears of regulatory le ad fnne and 3 full muda VORES
of regulatory stability for its fuel economy standards, 49 1U.S.C, 32902(0(3). Hesthw-propesal:
HEEA-Congistent with these authorities, the agencies arsis proposing more stringent standards
beginning with MY 2021 that consider the level of technology we predict can be applied to new
vehicles in the 2021 MY. EPA believes the proposed Phase 2 standards are consistent with CAA
requirements regarding lead-time, reasonable cost, and feasibility. Manufacturers in the HD
pickup and van market segment have relatively few vehicle lines and redesign cycles are
typically longer compar ed to hght duty Vehieles Also the timing of Vehicle iedesigns differs
among manufacturers. Fhe %
2025 To provide lead time needed to accommodate these longer redesrgn cy clesnﬂad—aﬂewﬂar
the somplete-transition-of a-marafacturer’s feetto-the-new standards.propesed Phase 2 GHG
standards would not reach their tightest stringency until 2025, Although the standards are
proposed to decrease over time between MYs 2021-and 2023 the ageneies ée—ne{—expect eaeh
masystseturermanutacturers will Hikelv strive to make e 5 earimprovements as

ED_002078G_00029342-00012



part of o Eaime‘:d rede‘:qj ;;m gm;h that some model vears will likely im‘olve qj&;mﬁcam advances

manufacturcrb to use program { icmblhimb (e.9.. credn carrv-forw drd provisions and averaging,
banking, and trading provisions-te-smeooth-the transition-fo-the firal MY-2025 standards) to help
balance comphance costs over fime. The agencies are proposing to provide stable standards in
MYs 2019-2020 in order to provide necessary lead time for Phase 2. How ever, for some
manufacturers, the transition to the Phase 2 standards may begin early
framecarlier (¢.g., as soon as MY 2017) depending on their vehicle rcdcmgn Wclcs Allhough
standards are not proposed to change in MYs 2019-2020, manufacturers may introduce
additional “Fhase-27-technologies in order to carry forward corresponding improvements and
perhaps generate credits under the 5 year credit carry-forward provisions established in Phase 1
and proposed to continue for Pha‘;e 2 to be used n the MY 2021 -2025 time frame. %ction VI.C

proposed stdndards.

As in Phase 1, these standards would be met on a fleet average basis. No individual
vehicle would have to meet a particular fleet average standard. Nor would all manufacturers
have to meet the—same—%&néaﬁd-numerioallv idemicai ﬂee‘f average requirement Rather, each

production- weighted average of thc hedvy duty plckups and vans it chooses to produce.
Moreover, averaging, banking, and trading provisions, discussed below, provide significant
additional compliance flexibility in implementing the standards. It is important o note, however
that while the standards would differ numerically from manufacture to mamufacturer, effective
stringency should be essentially the same for each manufacturer.

Also, as with the Phase 1 standards, the agencies are proposing separate Phase 2 targets
for gasoline-fueled (and any other Otto-cycle) vehicles and diesel-fueled (and any other diesel-
cycle) vehicles. The targets would be used to determine the production-weighted fleet average
standards that apply to the combined diesel and gasoline fleet of HD pickups and vans produced
by a manufacturer in each model year. The above-proposed stringency increase for Phase 2
applies equally to the separate gasoline and diesel targets. The agencies considered different rates
of increase for the gasoline and diesel targets in order to more equally balance compliance
burdens across manufacturers with varying gasoline/diesel fleet mixes. However, at least among
major HD pickup and van manufacturers, our analysis suggests limited potential for such
optimization, especially considering uncertainties involved with manufacturers’ future fleet mix.
The agencies have thus maintained the equivalent rates of stringency increase. The agencies
invite comment on this element.
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Figure VI-3: EPA Proposed CO; Target Standards and NHTSA Fuel Consumption Target Standards for
Diesel HD Pickups and Vans
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Figure VI-4: EPA Proposed CO; Target Standards and NHTSA Fuel Consumption Target Standards for
Gasoline HD Pickups and Vans

Described mathematically, EPA’s and NHTSA’s proposed target standards are defined

EPA CO, Target (g/mile) =[ax WF] + b

NHTSA Fuel Consumption Target (gallons/100 miles) = [c x WF] +d

Where:

WF = Work Factor = [0.75 x (Payload Capacity + xwd)] + [0.25 x Towing Capacity]
Payload Capacity = GVWR (Ib) — Curb Weight (Ib)

xwd = 500 Ib if the vehicle is equipped with 4wd, otherwise equals O 1b,

Towing Capacity = GCWR (Ib) - GVWR (Ib)
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Coefficients a, b, ¢, and d are taken from Table Vi-2¥able VI-2,

Table VI-2: Proposed Phase 2 Coefficients for HD Pickup and Van Target Standards

Diesel Vehicles
Model Year a b c d
2018-2020 0.0416 320 0.000409 3.14
2021 0.0405 311 0.000398 3.05
2022 0.0393 303 0.000387 2.97
2023 0.0383 294 0.000376 2.89
2024 0.0372 286 0.000366 2.81
2025 and later 0.0362 278 0.000356 2.73
Gasoline Vehicles
Model Year a b c d
2018-2020 0.0440 339 0.000495 381
2021 0.0428 330 0.000481 371
2022 0.0416 321 0.000468 3.60
2023 0.0405 312 0.000455 3.50
2024 0.0394 303 0.000443 3.41
2025 and later 0.0383 295 0.000431 3.31

As noted above, the standards are not proposed to change from the final Phase 1
standards for MYs 2018-2020. The MY 2018-2020 standards are shown in the Figures and
tables above for reference.

NHT@A and EPA have also analwed regulatory altematives to the proposed standardx as
the alternatives analyzcd for thc proposal, but requcst comments on Alternative 4 or a stringency
level between the ¢ 1 and Alternative 4 in particular. Alternative 4
is based on an annual 1mpr0\/ement of 3.5% per year in MYs 2021-2025 compared to the 2.75%
per year improvement on which the proposal is based. The agencies are seriously considering
“this e between the two
strmgency levels for HD plckups and vans, ..as described in
Section VI.C and 3, Section X, and in the Draft RTA Chdpter 9. 418
pxedmated on somewhat more aggressive adoption rates of the same technologies on which the
i 1s predicated;-and-a-ehetee-of this-alternative- wxﬁd retlost-a
ditferent balanemg-of-the ast-factors-under the respective statulers G, +
105 -request-comment-on-all-aspeets-of this-alternative. The agencies request
. data, and information that would help inform determination of the maximum
IE. dbfﬁk (for NHTSAY and appropriale (for BPA) siringency for HD pickups and vans ¢ :
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As with Phase 1 standards, to calculate a manufacturer’s HD pickup and van fleet
average standard, the agencies are proposing separate target curves be used for gasoline and
diesel vehicles. The agencies estimate that in 2025 the proposed target curves would achieve
approximately 13 percent reductions in CO; and fuel consumption for both diesel and gasoline
vehicles relative to the MY 2018 Phase 1 standards for HD pickup trucks and vans. These
reductions are based on the agencies” assessment of the feasibility of incorporating technologies
(which differ significantly for gasoline and diesel powertrains) in the 2021-2025 model years,
and on the differences in relative efficiency in the current gasoline and diesel vehicles-ence-the

The agencies generally prefer to set standards that do not distinguish between fuel types
where technological or market-based reasons do not strongly argue otherwise. However, as with
Phase 1, we continue to believe that fundamental differences between spark ignition and
compression ignition engines warrant unique fuel standards, which is also important in ensuring
that our program maintains product choices available to vehicle buyers. In fact, gasoline and
diesel fuel behave so differently in the internal combustion engine that they have historically
required unique test procedures, emission control technologies and emission standards. These
technological differences between gasoline and diesel engines for GHGs and fuel consumption
exist presently and will continue to exist after Phase 1 and through Phase 2 until advanced
research evolves the gasoline fueled engine to diesel-like efficiencies. This will require
significant technological breakthroughs currently in early stages of research such as
homogeneous charge compression ignition (HCCI) or similar concepts. Because these
technologies are still in the early research stages, we believe the proposed separate fuel type
standards are appropriate in the timeframe of this rule to protect for the availability of both
gasoline and diesel engines and will result in roughly equivalent redesign burdens for engines of
both fuel types as evident by feasibility and cost analysis in RIA Chapter 2. The agencies request
comment on the level of stringency of the proposed standards, the continued separate targets for
gasoline and diesel HD pickups and vans, and the continued use of the work-based attribute
approach described above.

The proposed NHTSA fuel consumption target curves and the EPA GHG target curves
are equivalent. The agencies established the target curves using the direct relationship between
fuel consumption and CO; using conversion factors of 8,887 g CO»/gallon for gasoline and
10,180 g COx/gallon for diesel fuel.

It is expected that measured performance values for CO; will generally be equivalent to
fuel consumption. However, Phase 1 established a provision that EPA is not proposing to
change for Phase 2 that allows manufacturers, if they choose, to use CO; credits to help
demonstrate compliance with NoO and CH4 emissions standards, by expressing any N,O and
CHj under compliance in terms of their COz-equivalent and applying the needed CO; credits.
For test families that do not use this compliance alternative, the measured performance values for
CO; and fuel consumption will be equivalent because the same test runs and measurement data
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will be used to determine both values, and calculated fuel consumption will be based on the same
conversion factors that are used to establish the relationship between the CO; and fuel
consumption target curves (8,887 g CO»/gallon for gasoline and 10,180 g CO»/gallon for diesel
fuel). For manufacturers that choose to use the EPA provision for CO; credit use in
demonstrating N>O and CH4 compliance, compliance with the CO; standard will not be directly
equivalent to compliance with the NHTSA fuel consumption standard.

(2) What Are the HD Pickup and Van Test Cycles and Procedures?

The Phase 1 program established testing procedures for HD pickups and vans and
NHTSA and EPA are not proposing to change these testing protocols. The vehicles would
continue to be tested using the same heavy-duty chassis test procedures currently used by EPA
for measuring criteria pollutant emissions from these vehicles, but with the addition of the
highway fuel economy test cycle (HFET). These test procedures are used by manufacturers for
certification and emissions compliance demonstrations and by the agencies for compliance
verification and enforcement. Although the highway cycle driving pattern is identical to that of
the light-duty test, other test parameters for running the HFET, such as test vehicle loaded
weight, are identical to those used in running the current EPA Federal Test Procedure for ERA
eritoria petiutant standards for-complete heavy-duty vehicles. Please see Section I1.C (2) of the
Phase 1 preamble (76 FR 57166) for a discussion of how HD pickups and vans would be tested.

One item that the agencies are considering to change is how vehicles are categorized into
test weight bins. Under the current test procedures, vehicles are tested at 500 1b increments of

all vehicles having a caleulated test weight basis of 11251 to 11750 pounds would be tested
11.500 pounds (re.. the midpomt of the range). However. for some vehicles, the existence of
these bins and the large intervals between bins may reduce or eliminate the incentive for mass
reduction_for some vehicles, as a vehicle may require significant mass reduction before it could
switch from one test weight bin to the next lower bin._For other vehicles, these bins mav unduly
reward relativelv small reductions of vehicle mass, as a vehicle s mass mav be only shightly
greater than that needed to be assigned a 500-pound lighter inertia weight ¢lass, For example
for a vehicle with g calenlated test weight basie of 11,700 pounds. a manufaciturer would receive
no regulatory benefit for reducing the vehicle weight by 400 pounds. because the velucle would
stav within the same weight bracket. The agencies do recognize that the test weight bins allow
for some reduction in testing burden as many vehicles can be grouped together under a single
test. For Phase 2, the agencies seek comment on whether the test weight bins should be changed
in order to allow for more realistic testing of HD pickups and vans and better capture of the
improvements due to mass reduction. Some example changes could include reducing the five
hundred pound interval between bins to smaller intervals similar to those allowed for vehicles
tested below 5500 lbs. test weight, or allowing any test weight value that is not fixed to a
particular test weight bin. The latter scenario would still allow some grouping of vehicles to
reduce test burden, and the agencies also seek comment on how vehicles would be grouped and
how the test weight of this group of vehicles should be selected.
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We further seek comment as to whether there may be a more appropriate method such as
allowing analytical adjustment of the CO; levels and fuel consumption within a vehicle weight
could an equation like the one specified in 40 CFR 1037, 104() for analviically adjusting CO2
emissions be used. The agencies are specitically consudermyg an approach in which vehicles are
tested 1 the same wav with the same test weights, but manufacturers have the option 1o either
accept the emission resulis as provided under the current regulations. or choose to adjust the
emissions based on the actual test weight basis {(actual curb plus half pavivad) instead of the
equivalent test weight for the 500 test weight inderval. Should the agencies finalize thus as an
option, manufaciurers choosing o adiust their emissions would be reguired to do so for all of
their vehicles. and not just for those with test weights below the midpoint of the range.

(3) Fleet Average Standards

NHTSA and EPA are proposing to retain the fleet average standards approach finalized
in the Phase 1 rule and structurally similar to light-duty Corporate Average Fuel Economy
(CAFE) and GHG standards. The flect average standard for a manufacturer 1s 2 production-
weighled average of the work factor-based targets assizned o unigue vehicle configurations
within each model tvoe produced by the snanufacturer in 8 model vear, Fach manufacturer
would continue to have an average GHG requirement and an average fuel consumption
requirement unique to its new HD pickup and van fleet in each model year, depending on the
characteristics (payload, towing, and drive type) of the vehicle models produced by that
manufacturer, and on the U.S.-directed production volume of each of those models in that model
vear. Vehicle models with larger payload/towing capacities and/or four-wheel drive have
individual targets at numerically higher CO; and fuel consumption levels than less capable
vehicles, as discussed in Section VI.B(1). #he-Hastavaragn-stondasd-forasnnnulactieaniss
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The fleet average standard with which the manufacturer must comply iswould continue t¢

be based on its final production figures for the model year, and thus a final assessment of

compliance also must consider the manufacturer’s use of carry-forward and carry-back credit
provisions included in the averaging, banking, and trading program. Because compliance with
the tleet average standards depends on actual test group production volumes, it is not possible to
determine compliance at the time the manufacturer applies for and receives an (initial) EPA
certificate of conformity for a test group. Instead, at certification the manufacturer would
demonstrate a level of performance for vehicles in the test group, and make a good faith
demonstration that its fleet, regrouped by unique vehicle configurations within each model type,
is expected to comply with its fleet average standard when the model year is over. EPA will
issue a certificate for the vehicles covered by the test group based on this demonstration, and will
include a condition in the certificate that if the manufacturer does not comply with the fleet
average, then production vehicles from that test group will be treated as not covered by the
certificate to the extent needed to bring the manufacturer’s fleet average into compliance. As in
the parallel program for light-duty vehicles, additional “model type™ testing will be conducted by
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the manufacturer over the course of the model year to supplement the initial test group data. The
emissions and fuel consumption levels of the test vehicles will be used to calculate the
production-weighted fleet averages for the manufacturer, after application of the appropriate
deterioration factor to each result to obtain a full useful life value. Please see Section I1.C (3)(a)
of the Phase 1 preamble (76 FR 57167) for further discussion of the fleet average approach for
HD pickups and vans.

(4) In-use Standards

Section 202¢a)(1) of the CAA specifies that EPA set emissions standards that are
applicable for the useful life of the vehicle. EPA is proposing to continue the in-use standards
approach for individual vehicles that EPA finalized for the Phase 1 program. NHTSA did not
adopt Phase 1 in-use standards and is not proposing in-use standards for Phase 2. For the EPA
program, compliance with the in-use standard for individual vehicles and vehicle models does
not impact compliance with the fleet average standard, which will be based on the production-
weighted average of the new vehicles._Vehicles that tail to meet thew in-use emission standards
would be subject to recall to correct the noncompliance,

As with Phase 1, EPA proposes that the in-use Phase 2 standards for HD pickups and
vans be established by adding an adjustment factor to the full useful life emissions used to
calculate the GHG fleet average. EPA proposes that each model’s in-use CO; standard be the
model-specific level used in calculating the fleet average, plus 10 percent. No adverse comments
were received on this provision during the Phase 1 rulemaking. Please see Section I1.C (3)(b) of
the Phase 1 preamble (76 FR 57167) for further discussion of in-use standards for HD pickups
and vans.

For Phase 1, EPA aligned the useful life for GHG emissions with the useful life
abreadythat was in place for criteria pollutants: 11 years or 120,000 miles, whichever occurs first
(40 CFR 86.1805-04(a)). Since the Phase 1 rule was finalized, EPA updated the useful life for
criteria pollutants as part of the Tier 3 rulemaking.® The new useful life implemented for Tier 3
is 150,000 miles or 15 years, whichever occurs first. EPA proposes that the useful life for GHG
emissions also be updated to 150,000 miles/15 years starting in MY 2021 when the Phase 2
standards begin so that the useful life remains aligned for GHG and criteria pollutant standards
long term. With the relatively flat deterioration generally associated with CO; and the proposed
in-use standard adjustment factor discussed above, EPA does not believe the proposed change in
useful life would significantly affect the feasibility of the proposed Phase 2 standards.!® EPA
requests comments on the proposed change to useful life.

79 FR 23492, April 28, 2014 and 40 CFR 86.1805-17.

10 Ag discussed below in Section VLD.1., EPA and NHTSA are proposing an adjustment factor of 1.25 for banked
credits that are carried over from Phase 1 to Phase 2. The useful life is factored into the credits calculation and
without the adjustment factor the change in useful life would effectively result in a discount of those carry-over
credits.
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(5) Other GHG Standards for HD Pickups and Vans

This section addresses greephouse cases other than COZ2. Note that since these are
greenhouse gases not directly related o fuel conswmnption, NHTSA does not have equivalent
standards.

{a) Nitrous Oxide (N2O) and Methane (CHy)

In the Phase 1 rule, EPA established emissions standards for HD pickups and vans for
both nitrous oxide (N20) and methane (CH4). Similar to the CO» standard approach, the N>O
and CH4 emission level of a vehicle are based on a composite of the light-duty FTP and HFET
cycles with the same 55 percent city weighting and 45 percent highway weighting. The N2O and
CHj standards were both set by EPA at 0.05 g/mile. Unlike the CO; standards, averaging
between vehicles is not allowed. The standards are designed to prevent increases in N>O and CH4
emissions from current levels, i.e., a no-backsliding standard. EPA is not proposing to change
the N2O or CHj4 standards or related provisions established in the Phase 1 rule. Please see Phase
1 preamble Section I.E. (76 FR 57188-57193) for additional discussion of N2O and CH,
emissions and standards.

Across both current gasoline- and diesel-fueled heavy-duty vehicle designs, emissions of
CH4 and N O are rclativelv low dnd the intcnt of thc (,ap btanddrdb is to ensure that futurc vehicle

WAITHNG r;@tuntm} t(_wWP yof CH4, the 0.05 g/mﬂe cap standard is equlvalent to about 1.25 g/mile
CO;, which is much less than 1 percent of the overall GHG emissions of most HD pickups and
vans.!! The effectiveness of oxidation of CH, using a three-way or diesel oxidation catalyst is
limited by the activation energy—%—}mz'.—avr which tends 0 be higher il ‘here the number of carbon
atoms in the hydrocarbon molecule decrease-the-+ & one eases-ig tow and thus CHi
18 very stable. At this time we are not aware 0[ any tcchnologlcs bw ond the alreadv present
catalvst svetems which are lnghly effective at oxidizing most hvdrocarbon species for gasoline
and diesel fueled engines that would further lower the activation energy across the catalyst or
increase the energy content of the exhaust (without further 1 mcreaﬂng fuel consumption and CO,
emissions) to further reduce CH4 emissions at the tailpipe. ERAknewsWe note that we are not
aware of msany new technologies that would lower CHyemissions bewmd the-contrelprovided
by-the precise-emissions-contrel-systems-alreads-being-inplementedallow us to meet =
eriteria-petlutantadopt more stringent standards at this ime. The CHj standard remains an
important backstop to prevent future increases in CH4 emissions, particularly with the potential
for expanded use of alternative fuels like CNG.

N20 is emitted from gasoline and diesel vehicles mainly during specific catalyst
temperature conditions conducive to N2O formation. The 0.05 g/mile standard, which translates
to a COz-equivalent value of 14.9 g/mile, ensures that systems are not designed in a way that
emphasizes efficient NOx control while allowing the formation of significant quantities of N,O.

''NRO has a GWP of 298 and CH, has a GWP of 25 according to the IPCC AR4.
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The Phase 1 N2O standard of 0.05 of/made for pickups and vans was finalized knowing that it is
more strmgent than the Phase 1 NoO engine standard of .10 o/hp-hr. currently being revaluated
as dhiscussed m Preamble Section 2. EPA continues to believe that the 0.05 g/mile standard
provides the necessary assurance that N,O will not significantly increase-, given the mix of
gasoline and diesel fueled engines in this market and the upcoming mplemendation of the light-
duty and heavy-duty (up to 14,000 Ibs. GVWIED Tier 3 NOx standards. EPA knows of no
technologies that would lower N2O emissions beyond the control provided by the precise
emissions control systems already being implemented to meet EPA’s criteria pollutant standards.
Therefore, EPA continues to believe the 0.05 g/mile N>O standard remains appropriate.

As-noted-abeve-If a manufacturer is unable to meet the NoO or CHy cap standards, the
EPA program allows the manufacturer to comply using CO;, credits. In other words, a
manufacturer may offxet any NzO or CH4 emis‘;iom above the ~,tandard by takin g step‘; to further
and CHy tcst results that are in excess of the dpphcablc standards mto COch to determine the
amount of CO» credits required. For example, a manufacturer would use 25 Mg of positive CO»
credits to offset 1 Mg of negative CH, credits or use 298 Mg of pomtwe CO; credits to offset 1
Mg of negative N2O credits.!? By using the Ge #HOEWP of NoO and CHy,
the approach recognizes the inter-correlation of thexe compounds in impacting global warming
and is environmentally neutral for demonstrating compliance with the individual emissions caps.
Because fuel conversion manufacturers certifying under 40 CFR Part 85, subpart F do not
participate in ABT programs, EPA included in the Phase 1 rule a compliance option for fuel
conversion manufacturers to comply with the N»>O and CH, standards that is similar to the credit
program described above. See 76 FR 57192/3. The compliance option will allow conversion
manufacturers, on an individual engine family basis, to convert CO, over compliance into CO»
equivalents of NoO and/or CHy that can be subtracted from the CH4 and N2O measured values to
demonstrate compliance with CH4 and/or N2O standards. EPA did not include similar provisions
allowing over compliance with the N>O or CHj standards to serve as a means to generate CO2
credits because the CHy4 and N»O standards are cap standards representing levels that all but the
worst vehicles should already be well below. Allowing credit generation against such cap
standard would provide a windfall credit without any true GHG reduction. EPA proposes to
maintain these provisions for Phase 2 as they provide important flexibility without reducing the
overall GHG benefits of the program.

(b) Air Conditioning Related Emissions

Air conditioning systems contribute to GHG emissions in two ways — direct emissions
through refrigerant leakage and indirect exhaust emissions due to the extra load on the vehicle’s
engine to provide power to the air conditioning system. HFC refrigerants, which are powerful
GHG pollutants, can leak from the A/C system. This includes the direct leakage of refrigerant as
well as the subsequent leakage associated with maintenance and servicing, and with disposal at

12 Np0 has a GWP of 298 and CH has a GWP of 25 according to the IPCC AR4.
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the end of the vehicle’s life.> Currently, the most commonly used refrigerant in automotive
applications — R134a, has a high GWP-s£3436: Due to the high GWP of R134a, a small |
leakage of the refrigerant has a much greater global warming impact than a similar amount of
emissions of CO; or other mobile source GHGs.

In Phase 1, EPA finalized low leakage requirement for all air conditioning systems
installed in 2014 model year and later HDV's, with the exception of Class 2b-8 vocational
vehicles. As discussed in Section V.B.3, EPA is proposing to extend leakage standards to
vocational vehicles for Phase 2. For air conditioning systems with a refrigerant capacity greater
than 733 grams, EPA finalized a leakage standard which is a “percent refrigerant leakage per
year” to assure that high-quality, low-leakage components are used in each air conditioning
system design. EPA finalized a standard of 1.50 percent leakage per year for heavy-duty pickup
trucks and vans and Class 7 and 8 tractors. See Section IL.E.5. of the Phase 1 preamble (76 FR
57194-57195) for further discussion of the A/C leakage standard.

Mamufacturers can choose to reduce A/C leakage emissions in two ways. First, they can
utilize leak-tight components. Second, manufacturers can largely eliminate the global warming
impact of leakage emissions by adopting systems that use an alternative, low-Global Warming
Potential (GWP) refrigerant. One alternative refrigerant, HFO-1234yf, with a GWP of 4, has
been approved for use in light-duty passenger vehicles under EPA’s Significant New
Alternatives Program (SNAP). While the scope of this SNAP approval does not include heavy -
duty highway vehicles, we expect that those interested in using this refrigerant in other sectors
may petition EPA for broader approval of its use in all mobile air conditioning systems. Given
that HFO-1234yf is vet to be approved for heavy-duty vehicles EPA believes that a leakage
standard for heavy-duty vehicles is still appropriate. If future heavy-duty vehicles adopt
refrigerants other than R-134a, the calculated refrigerant leak rate can be adjusted by multiplying
the leak rate by the ratio of the GWP of the new refrigerant divided by the GWP of the old
refrigerant (e.g. for HFO-1234yf replacing R-134a, the calculated leak rate would be multiplied
by 0.0028, or 4 divided by 1430). EPA is not proposing to change the leakage standard or
related provisions for Phase 2. This is similar to the approach proposed for vocational vehicles
and tractors.

In addition to direct emissions from refrigerant leakage, air conditioning systems also
create indirect exhaust emissions due to the extra load on the vehicle’s engine to provide power
to the air conditioning system. These indirect emissions are in the form of the additional CO,
emitted from the engine when A/C is being used due to the added loads. Unlike direct emissions
which tend to be a set annual leak rate not directly tied to usage, indirect emissions are fully a
function of A/C usage. These indirect CO2 emissions are associated with air conditioner

13 The U.S. EPA has reclamation requirements for refrigerants in place under Title VI of the Clean Air Act.
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efficiency, since (as just noted) air conditioners create load on the engine. See 74 FR 49529. In
Phase 1, the agencies did not set air conditioning efficiency standards for vocational vehicles,
combination tractors, or heavy-duty pickup trucks and vans. The CO; emissions due to air
conditioning systems in these heavy-duty vehicles were estimated to be minimal compared to
their overall emissions of CO2. This continues to be the case. For this reason, EPA is not
proposing to establish standards for A/C efficiency for Phase 2.

NHTSA and EPA request comments on all aspects of the proposed HI pickup and van
standards and program elements described in this section,

C. Feasibility of Pickup and Van Standards

EPCA/EISA requires NHTSA to “implement a commercial medium- and heavy-duty on-
highway vehicle and work truck fuel efficiency improvement program designed to achieve the
maximum feasible improvement” and to establish corresponding fuel economy standardb “that
are appmprlate cost—eﬁ‘ectlve and technologlcallv feasible.”’5 T / : Zf
: - sentencel-Title 11 of the Clean Air Act requires { PAfo csmbhsh
f;ianddrds fm EInIssinns of ml utzmtb from pew motor vehicles and engines which emissions
cause or contribute to air pollution which may reasonably be anticipaied o endanger public
health or welfare, When acting under Title II of the CAA, EPA considers such issues as
technolosy effectiveness, its cost (both per vehicle, per manufacturer, and per consumer), the
lead time necessary o unplement the technologv, and based on this the feasibility and
practicability of potential standards: the mmpacis of potential standards on emissions reductions
of both GHGs and non-GHG emissions; the impacts of standards on oil conservation and eneray
security: the timpacts of standards on fuel savings by customers: the impacts of standards on the
fruck industry: other energy impacis; as well as other relevant factors such as impacts on safety.

As part of the fea51b111ty analysis of potent1a1 standards for HD pickups and vans, the
agencies have applied DOT’s ¢ G :CAFE:; Compliance and
Effects Modeling System ( sometlmcs referred to as “the CAFE modcl” or “the Volpe model™),
which DOT’s Volpe National Transportation Systems Center (Volpe Center) developed,
maintains, and applies to support NHTSA CAFE analyses and rulemakings. The agencies used
this model to determine the range of stringencies that might be achievable through the use of
technology that is projected to be available in the Phase 2 time frame. From these runs, the
agencies identified the stringency level that would be technology-forcing, but leave
manufacturers the flexibility to adopt varying technology paths for compliance.

The proposed phase-in schedule of reduction of 2.75% per year in fuel consumption and
CO; levels relative to the final Phase 1 standard level, starting in 2021 and extending through
2025; was chosen to strike a balance between meaningful reductions in the early years and
providing manufacturers with needed lead time via a gradually accelerating ramp-up of
technology penetration. By expressing the phase-in in terms of increasing year to year

15 49 USC 32902(k)(2).

ED_002078G_00029342-00024



stringency for each manufacturer, while also providing for credit generation and use (including
averaging, carry-forward, and carry-back), we believe our program affords manufacturers
application of technologies across tﬁémﬂ-gemt:“éreater application levels on only a portion of the
fleet, and a sufficiently broad set of available technologies to account for the variety of current
technology deployment among manufacturers and the lowest-cost compliance paths available to
each:..

We decided that a phased implementation schedule would be appropriate to
accommodate manufacturers’ redesign workload and product schedules, especially in light of
this sector’s limited product offerings'® and long product cycles. We did not estimate the cost of
implementing the finalproposed standards immediately in 2021 without a phase-in, but we
qualitatively assessed it to be ssuehsomewhat higher than the cost of the phase-in we are
to manufacturers’ resulting need to develop some of these technologies for heavy-duty
applications sooner than or simultaneously with light-duty development efforts. On the other
hand, waiting until 2025 before applying any new standards could miss the opportunity to
achieve meaningful and cost-effective early reductions not requiring a major product redesign
when the largest changes and reductions are expected to occur.

We eenstdered-setiingare also considering more stringent standards that would require
the application of additional technologies by 2025 {and broader application of the proposed
tochuologies) and are requesting comment on Alternative 4 which is more stringent than the
propos We expect, in fact, that some of these technologies may well prove
feasible and cost-effective in this timeframe, and may even become technologies of choice for
individual manufacturers. This dynamic has plaved out in rulemakings before and highlights the
value of setting performance-based standards that leave engineers the freedom to find the most
cost-effective solutions and not hinder consumer choice.

However, the agencies do not believe that at this stage there is enough information about
the viability of some advanced technologies in this vehicle segment to assume that they can be a
part of large-volume deployment strategies for regulated manufacturers—. For example, we l
believe that hybrid electric technology could provide significant GHG and fuel consumption
benefits, but we recognize that there is uncertainty at this time over the real world effectiveness
of these systems in heavy-duty applications, and over customer acceptance of vehicles with high
GCWR towing large loads. Further, the development, design, and tooling effort needed to apply
this technology to a vehicle model is quite large, and seems-less-likebrtacould prove cost-
effective due to the small sales volumes relative to the light-duty sector. Additionally, the
smaller engines that facilitate much of a hybrid’s benefit in the light-duty sector are typically at
odds with the importance pickup trucks buyers place on engine horsepower and torque necessary
to meet towing objectives.

16 Manufacturers generally have only one pickup platform and one van platform in this segment.
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We also considered sethingproposing less stringent standards; under which manufacturers
could comply by deploying a more limited set of technologies. However, our assessment
standards are premised would be available at reasonable cost in the 2021-2025 timeframe, and
that the phase-in and other flexibility provisions allow for their application in a very cost-
effective manner, as discussed in this section below.

More difficult to characterize is the degree to which more or less stringent standards
might be appropriate because of under- or over-estimating the costs or effectiveness of the
technologies whose performance is the basis of the finalpropesed standards. For the most part,
these technologies have not yet been applied to HD pickups and vans, even on a limited basis
therefore we are relying to some degree on engineering judgment in predicting their
effectiveness. Even so, we believe that we have applied this judgment using the best information
available, primarily from a NHTSA contracted study at SwRI hnd our recent rulemaking on

light-duty vehicle GHGs and fuel economy, and have generated a robust set of effectiveness
values. The Draft RIA provides a detailed description of the CAFE Model and the analysis
performed for the proposal.

(1) Regulatory Alternatives Considered by the Agencies

As discussed above, the agencies are proposing standards defined by fuel consumption
and GHG targets that continue through model year 2020 unchanged from model year 2018, and
then increase in stringency at an annual rate of 2.75% through model year 2025. In addition to
this regulatory alternative, the agencies also considered a no-action alternative under which
standards remain unchanged after model year 2018, as well as four other alternatives, defined by
annual stringency increases of 2.0 percent, 2.75 percent, 3.5 percent, and 4.0 percent during
2021-2025. For each of the “action alternatives” (i.e., those involving stringency increases
beyond the no-action alternative), the annual stringency increases are applied as follows: An
annual stringency increase of r 1s applied by multiplying the model year 2020 target functions
(identical to those applicable to model year 2018) by 1 —» to define the model year 2021 target
functions, multiplying the model year 2021 target functions by 1 — r to define the model year
2022 target functions, continuing through 2025. In summary, the agencies have considered the
following five regulatory alternatives:

| commented [FAL]::
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Regulatory Annual Stringency Increase
Alternative
2019-2020 2021-2025

1: No Action None None
2:2.0%/y None 2.0%
3:2.75%fy None 2.75%
4:3.5%/y None 3.5%
5:4.0%/y None 4.0%

(2) DOT CAFE Model

DOT developed the CAFE model in 2002 to support the 2003 issuance of CAFE
standards for MY's 2005-2007 light trucks. DOT has since significantly expanded and refined
the model. and has applied the model to support every ensuing CAFE rulemaking for both light-
duty and heavy-duty. For this analysis, the model was reconfigured to use the work based
attribute metric of “work factor” established in the Phase 1 rule instead of the light duty
“footprint” attribute metric.

Although the CAFE model can also be used for more aggregated analysis (e.g., involving
“representative vehicles”, single-year snapshots, etc.), NHTSA designed the model with a view
toward (a) detailed simulation of manufacturers’ potential actions given a defined set of
standards, followed by (b) calculation of resultant impacts and economic costs and benefits. The
model is intended to describe actions manufacturers could take in light of defined standards and
other input assumptions and estimates, not to predict actions manufacturers will take i light of
competing product and market interests (e.g. engine power, customer features, technology
acceptance, etc.).

As a starting point, the model makes use of an input file defining the analysis fleet—that
i3, a set of specific vehicle models (e.g., Ford F250) and model configurations (e.g., Ford F250
with 6.2-liter V8 engine, 4WD, and 6-speed manual transmission) estimated or assumed to be
produced by each manufacturer in each model year to be included in the analysis. The analysis
fleet includes key engineering attributes (e.g.. curb weight, payload and towing capacities,
dimensions, presence of various fuel-saving technologies) of each vehicle model, engine, and
transmissions, along with estimates or assumptions of future production volumes. It also
specifies the extent to which specific vehicle models share engines, transmissions, and vehicle
platforms, and describes each manufacturer’s estimated or assumed product cadence (i.e., timing
for freshening and redesigning different vehicles and platforms). This input file also specifies a
payback period used to estimate the potential that each manufacturer might apply technology to
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improve fuel economy beyond levels required by standards. The file used for this analysis was
created from 2014 manufacturer compliance reports for the base sales and technology
mformation, and a future fleet projection created from a combination of data from a sales
forecast that the agencies purchased from IHS Automotive and total volumes class 2b and 3 fleet
volumes from 2014 AEO Reference Case. A complete description of the future fleet is available
in Draft RIA Section 2.14.

A second input file to the model contains a variety of contextual estimates and
assumptions. Some of these inputs, such as future fuel prices and vehicle survival and mileage
accumulation (versus vehicle age), are relevant to estimating manufacturers’ potential
application of fuel-saving technologies. Some others, such as fuel density and carbon content,
vehicular and upstream emission factors, the social cost of carbon dioxide emissions, and the
discount rate, are relevant to calculating physical and economic impacts of manufacturers’
application of fuel-saving technologies.

A third mput file contains estimates and assumptions regarding the future applicability,
availability, efficacy, and cost of various fuel-saving technologies. Efficacy is expressed in
terms of the percentage reduction in fuel consumption, cost is expressed in dollars, and both
efficacy and cost are expressed on an incremental basis (1.e., estimates for more advanced
technologies are specified as increments beyond less advanced technologies). The mput file also
includes “synergy factors” used to make adjustments accounting for the potential that some
combinations of technologies may result fuel savings or costs different from those indicated by
incremental values.

Finally, a fourth model input file specifies standards to be evaluated. Standards are
defined on a year-by-year basis separately for each regulatory class (passenger cars, light trucks,
and heavy-duty pickups and vans). Regulatory alternatives are specified as discrete scenarios,
with one scenario defining the no-action alternative or “baseline”, all other scenarios defining
regulatory alternatives to be evaluated relative to that no-action alternative.

Given these mputs, the model estimates each manufacturer’s potential year-by-year
application of fuel-saving technologies to each engine, transmission, and vehicle. Subject to a
range of engineering and planning-related constraints (e.g., secondary axle disconnect can’t be
applied to 2-wheel drive vehicles, many major technologies can only be applied practicably as
part of a vehicle redesign, and applied technologies carry forward between model years), the
model attempts to apply technology to each manufacturers’ fleet in a manner that minimizes
“effective costs™ (accounting, in particular, for technology costs and avoided fuel outlays),
continuing to add improvements as long as doing so would help toward compliance with
specified standards or would produce fuel savings that “pay back” at least as quickly as specified
in the input file mentioned above.

After estimating the extent to which each manufacturer might add fuel-saving
technologies under each specified regulatory alternative, the model calculates a range of physical
impacts, such as changes in highway travel (i.e., VMT), changes in fleetwide fuel consumption,
changes in highway fatalities, and changes in vehicular and upstream greenhouse gas and criteria
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pollutant emissions. The model also applies a variety of input estimates and assumptions to
calculate economic costs and benefits to vehicle owners and society, based on these physical
impacts.

Since the manufacturers of HD pickups and vans generally only have one basic pick-up
truck and van with different versions ((i.e., different wheel bases, cab sizes, two-wheel drive,
four-wheel drive, etc.) and do not have the flexibility of the light-duty fleet to coordinate model
improvements over several years, changes to the HD pickups and vans to meet new standards
must be carefully planned with the redesign cycle taken into account. The opportunities for
large-scale changes (e.g., new engines, transmission, vehicle body and mass) thus occur less
frequently than in the light-duty fleet, typically at spans of 8 or more years. However,
opportunities for gradual improvements not necessarily linked to large scale changes can occur
between the redesign cycles. Examples of such improvements are upgrades to an existing
vehicle model’s engine, transmission and aftertreatment systems. Given this long redesign cycle
and our understanding with respect to where the different manufacturers are in that cycle, the
agencies have initially determined that the full implementation of the proposed standards would
be feasible and appropriate by the 2025 model year.

This analysis reflects several changes made to the model since 2012, when NHTSA used
the model to estimate the effects, costs, and benefits of final CAFE standards for light-duty
vehicles produced during MYs 2017-2021, and augural standards for MY's 2022-2025. Some of
these changes specifically enable analysis of potential fuel consumption standards (and, hence,
CO; emissions standards harmonized with fuel consumption standards) for heavy-duty pickups
and vans; other changes implement more general improvements to the model. Key changes
include the following:

e Changes to accommodate standards for heavy-duty pickups and vans, including attribute-
based standards involving targets that vary with “work factor™.

e Explicit calculation of test weight, taking into account test weight “bins™ and differences
in the definition of test weight for light-duty vehicles (curb weight plus 300 pound) and
heavy-duty pickups and vans (average of GVWR and curb weight).

e Procedures to estimate increases in payload when curb weight is reduced. increases in
towing capacity if GVWR is reduced, and calculation procedures to correspondingly
update calculated work factors.

e Inclusion of technologies not included in prior analyses.

e Changes to enable more explicit accounting for shared vehicle platforms and adoption
and “inheritance™ of major engine changes.

e Expansion of the Monte Carlo simulation procedures used to perform probabilistic
uncertainty analysis.
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In addition to the inputs summarized above, the agencies’ analysis of potential standards for
HD pickups and vans makes use of a range of other estimates and assumptions specified as
mputs to the CAFE modeling system. Some significant inputs (e.g., estimates of future fuel
prices) also applicable to other MDDHD segments are discussed below in Section IX. Others
more specific to the analysis of HD pickups and vans are listed as follows, with additional details
in section I

Vehicle survival and mileage accumulation
VMT rebound

On-road “gap” in fuel consumption
Fleet population profile

Past fuel consumption levels

Long-term fuel consumption levels
Payback period

Coefficients for fatality calculations
Compliance credits carried-forward
Emission factors for non-CO» emissions
Refueling time benefits

External Costs of travel

Ownership and operating costs

The CAFE model and its modifications for this rulemaking are described in more detail in
Section I below as well as the draft RIA.

(3) How Did the Agencies Develop the Analysis Fleet?

In order to estimate the impacts of potential standards, it is necessary to estimate the
composition of the future vehicle fleet. Doing so enables estimation of the extent to which each
manufacturer may need to add technology in response to a given series of attribute-based
standards, accounting for the mix and fuel consumption of vehicles in each manufacturer’s
regulated fleet. The agencies create an analysis fleet in order to track the volumes and types of
fuel economy-improving and CO2-reducing technologies that are already present in the existing
vehicle fleet. This aspect of the analysis fleet helps to keep the CAFE model from adding
technologies to vehicles that already have these technologies, which would result in “double
counting” of technologies’ costs and benefits. An additional step involved projecting the fleet
sales into MY's 2019-2030. This represents the fleet volumes that the agencies believe would
exist in MYs 2019-2030.

Most of the information about the vehicles that make up the 2014 analysis tleet was gathered
from the 2014 Pre-Model Year Reports submitied to EPA by the manufacturers under Phase 1 of
Fuel Efticiency and GHG Emission Program for Medum- and Heavy-Duty Trucks MYs 2014-
2018 The major manufacturers of class 2b and class 3 trucks (Chrysler. Ford and GM) were
asked to voluntarily submit updates to their Pre-Model Year Reports. Updated data were
provided by Chrysler and GM. These updated data were used in constructing the analvsis fleet
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for these manufacturers. The agencies agreed to treat this information as Confidential Business
Information (CBD until the publication of the NPRM. This information can be made public at
this time because by now all MY 2014 vehicle models have been produced. which makes data
about them essentially public information |

In addition to information about each vehicle, the agencies need additional information
about the fuel economy-improving/COs-reducing technologies already on those vehicles in order
to assess how much and which technologies to apply to determine a path toward future
compliance. Thus, the agencies augmented this information with publicly-available data that
includes more complete technology descriptions, e.g. for specific engines and transmissions.

The analysis fleet also requires projections of sales volumes for the years of the
rulemaking analysis. The agencies relied on the MY 2014 pre-model-year compliance
submissions from manufacturers to provide sales volumes at the model level based on the level
of disaggregation in which the models appear in the compliance data. However, the agencies
only use these reported volumes without adjustment for MY 2014. For all future model years,
we combine the manufacturer submissions with sales projections from the 2014 Annual Energy
Outlook Reference Case and THS Automotive to determine model variant level sales volumes in
future years.!’

For more detail on how the analysis fleet and sales volume projections were developed,
please see Section D below as well as the draft RTA.

(4) What Technologies Did the Agencies Consider?

The agencies considered over 35 vehicle technologies that manufacturers could use to
improve the fuel consumption and reduce CO; emissions of their vehicles during MY's 2021-
2025. The majority of the technologies described i this section is readily available, well known
and proven in other vehicle sectors, and could be incorporated into vehicles once production
decisions are made. Other technologies considered may not currently be in production, but are
beyond the research phase and under development, and are expected to be in production in
highway vehicles over the next few years. These are technologies thatwinel are capable of |
achieving significant improvements in fuel economy and reductions in CO; emissions, at
reasonable costs. The agencies did not consider technologies in the research stage because there
is insufficient time for such technologies to move from research to production during the model
advanced technology credits to encourage the development of new ideas, as discussed below in
Section VI.D.

The technologies considered in the agencies” analysis are briefly described below. They
fall into five broad categories: engine technologies, transmission technologies, vehicle
technologies, electrification/accessory technologies, and hybrid technologies.

e Commented [NCC2]: Please do not remove this
| highlighting, NHTSA will remove this highlighting,
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In this class of trucks and vans, diesel engines are installed in about half of all vehicles.
The buyer’s decision to purchase a diesel versus gasoline engine depends on several factors
clading initial purchase price, fuel operating costs, durability, towing capability and payload
capacity amongst other reasons. In the context of our technology discussion for heavy-duty
pickups and vans, we are treating gasoline and diesel engines separately so each has a set of
baseline technologies. We discuss performance improvements in terms of changes to those
baseline engines. Our cost and inventory estimates contained elsewhere reflect the current fleet
baseline with an appropriate mix of gasoline and diesel engines. Note that we are not basing the
proposed standards on a targeted switch in the mix of diesel and gasoline vehicles. We believe
our proposed standards require similar levels of technology development and cost for both diesel
and gasocline vehicles. Hence the proposed program does not force, nor does it discourage,
changes in a manufacturer’s fleet mix between gasoline and diesel vehicles. Types of engine
technologies that improve fuel efficiency and reduce CO; emissions include the following:

«  Low-friction lubricants — low viscosity and advanced low friction lubricants oils are now
available with improved performance and better lubrication. If manufacturers choose to
make use of these lubricants, they would need to make engine changes and possibly
conduet durability testing to accommodate the low-friction lubricants. |

- Commented [DOT3]: These short definitions of the

e Reduction of engine friction losses — can be achieved through low-tension piston rings,
roller cam followers, improved material coatings, more optimal thermal management,
piston surface treatments, and other improvements in the design of engine components
and subsystems that improve engine operation.

+  Reduction of engine parasitic demand — mechanical engine load reduction can be
achieved by variable-displacement oil pumps, higher-efficiency direct injection fuel
pumps, and variable speed/displacement coolant pumps.

o Cylinder deactivation - deactivates the intake and exhaust valves and prevents fuel
injection into some cylinders during light-load operation. The engine runs temporarily as
though it were a smaller engine which substantially reduces pumping losses.

«  Variable valve timing — alters the timing of the intake valve, exhaust valve, or both,
primarily to reduce pumping losses, increase specific power, and control residual gases.

«  Variable valve lifi — alters the intake valve lift in order to reduce pumping losses and
more efficiently ingest air.

« Stoichiometric gasoline direct-injection technology — injects fuel at high pressure directly
into the combustion chamber to improve cooling of the air/fuel charge within the
cylinder, which allows for higher compression ratios and increased thermodynamic
efficiency.
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Cooled exhaust gas recirculation — concept that involves utilizing EGR as a
charge diluent for controlling combustion temperatures and cooling the EGR prior to its
introduction to the combustion system.

Turbocharging and downsizing — light duty concept that involves decreasing the
displacement and cylinder count to improve efficiency when not demanding regular high
loads and adding a turbocharger to recover any loss to the original larger engine peak
operating power. This technology was limited in this analysis to vehicles that are not
expected to operate at high trailer towing levels and instead are more akin to duty cycles
of light duty (i.e. V6 vans).

Lean-burn combustion — concept that gasoline engines that are normally stoichiometric
mainly for emission reason can run lean and utilize some diesel like aftertreatment to
control NOx. For this analysis, we determined that the modal operation nature of this
technology to currently only be beneficial at light loads would not be appropriate for a
heavy duty application purchased specifically for its high work and load capability.

Diesel engine improvements and diesel afiertreatment improvements — improved
turbocharger, EGR systems, and advanced timing can provide more efficient combustion
and, hence, lower fuel consumption. Aftertreatment systems are a relatively new
technology on diesel vehicles and, as such, improvements are expected in coming years
that allow the effectiveness of these systems to improve while reducing the fuel and
reductant demands of current systems.

Types of transmission technologies considered include:

Eight-speed automatic transmissions — the gear span, gear ratios, and control system are
optimized for a broader range of efficient engine operating conditions.

High efficiency transmission — significant reduction of internal parasitic losses such as
pumps gear bands, etc.

Driveline firiction reduction — reduction in the driveline friction from improvements to
bearings, seals and other machining tolerances in the axles and transfer cases.

Secondary axle disconnect — disconnecting of some rotating components in the front axle
on 4wd vehicles when the secondary axle is not needed for traction.

Types of vehicle technologies considered include:

Low-rolling-resistance tires — have characteristics that reduce frictional losses associated
with the energy dissipated in the deformation of the tires under load, therefore improving
fuel efficiency and reducing CO» emissions.
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+  Aerodynamic drag reduction — 1s achieved by changing vehicle shape or reducing frontal
area, including skirts, air dams, underbody covers, and more aerodynamic side view
IIITors.

«  Mass reduction and material substitution — Mass reduction encompasses a variety of
techniques ranging from improved design and better component integration to application
of lighter and higher-strength materials. Mass reduction is further compounded by
reductions in engine power and ancillary systems (transmission, steering, brakes,
suspension, etc.). The agencies recognize there is a range of diversity and complexity for
mass reduction and material substitution technologies and there are many techniques that
automotive suppliers and manufacturers are using to achieve the levels of this technology
that the agencies have modeled in our analysis for this program.

Types of electrification/accessory and hybrid technologies considered include:

«  Electric power steering — are electrically-assisted steering systems that have advantages
over traditional hydraulic power steering because it replaces a continuously operated
hydraulic pump, thereby reducing parasitic losses from the accessory drive.

e Improved accessories —may include high efficiency alternators, electrically driven (i.e.,
on-demand) water pumps and cooling fans. This excludes other electrical accessories
such as electric o1l pumps and electrically driven air conditioner compressors.

o Mild hybrid — a small, engine-driven (through a belt or other mechanism) electric
motor/generator/battery combination to enable features such as start-stop, energy
recovery, and launch assist.

e Strong hybrid — a powerful electric motor/generator/battery system coupled to the
powertrain to enable features such as start-stop, and significant levels of launch assist,
electric operation, and brake energy recovery. For HD pickups and vans, the engine
coupled with the strong hybrid system would remain unchanged in power and torque to
ensure vehicle performance at all times, even if the hybrid battery is depleted.

o Air Conditioner Systems — These technologies include improved hoses, connectors and
seals for leakage control. They also include improved compressors, expansion valves,
heat exchangers and the control of these components for the purposes of improving
tailpipe CO; emissions as a result of A/C use.!®

18 See RIA Chapter 2.3 for more detailed technology descriptions.
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(5) How Did the Agencies Determine the Costs and Effectiveness of Each of These
Technologies*

Building on the technical analysis underlying the 2017-2025 MY light-duty vehicle rule,
the 2014-2018 MY heavy-duty vehicle rule, and the 2014 SwRI report, the agencies took a fresh
look at technology cost and effectiveness values for purposes of this proposal. For costs, the
agencies reconsidered both the direct (or “piece™) costs and indirect costs of individual
components of technologies. For the direct costs, the agencies followed a bill of materials
(BOM) approach employed by the agencies in the light-duty rule as well as referencing costs
from the 2014-2018 MY heavy-duty vehicle rule and a new cost survey performed by Tetra Tech
in 2014,

For two technologies, stoichiometric gasoline direct injection (SGDI) and turbocharging
with engine downsizing, the agencies relied to the extent possible on the available tear-down
data and scaling methodologies used in EPA’s ongoing study with FEV, Incorporated. This
study consists of complete system tear-down to evaluate technologies down to the nuts and bolts
to arrive at very detailed estimates of the costs associated with manufacturing them.

For the other technologies, considering all sources of information and using the BOM
approach, the agencies worked together intensively to determine component costs for each of the
technologies and build up the costs accordingly. Where estimates differ between sources, we
have used engineering judgment to arrive at what we believe to be the best cost estimate
available today, and explained the basis for that exercise of judgment.

Once costs were determined, they were adjusted to ensure that they were all expressed in
2012 dollars (see Section IX.B.1.¢ of this preamble), and indirect costs were accounted for using
a methodology consistent with the new ICM approach developed by EPA and used in the Phase
1 rule, and the 2012-2016 and 2017-2025 light-duty rules. NHTSA and EPA also reconsidered
how costs should be adjusted by modifying or scaling content assumptions to account for
differences across the range of vehicle sizes and functional requirements, and adjusted the
associated material cost impacts to account for the revised content. We present the individual
technology costs used in this analysis in Chapter 2.12 of the Draft RIA.

Regarding estimates for technology effectiveness, the agencies used the estimates from
the 2014 Southwest Research Institute study as a baseline, which was designed specifically to
inform this rulemaking. In addition, the agencies used 2017-2025 light-duty rule as a reference,
and adjusted these estimates as appropriate, taking into account the unique requirement of the
heavy-duty test cycles to test at curb weight plus half payload versus the light-duty requirement
of curb plus 300 Ib. The adjustments were made on an individual technology basis by assessing
the specific impact of the added load on each technology when compared to the use of the

¥ U.S. Environmental Protection Agency, “Draft Report — Light-Duty Technology Cost Analysis Pilot Study,”
Contract No. EP-C-07-069, Work Assignment 1-3, September 3, 2009.
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technology on a light-duty vehicle. The agencies also considered other sources such as the 2010
NAS Report, recent CAFE compliance data, and confidential manufacturer estimates of
technology effectiveness. The agencies reviewed effectiveness information from the multiple
sources for each technology and ensured that such effectiveness estimates were based on
technology hardware consistent with the BOM components used to estimate costs. Together, the
agencies compared the multiple estimates and assessed their validity, taking care to ensure that
common BOM definitions and other vehicle attributes such as performance and drivability were
taken into account.

The agencies note that the effectiveness values estimated for the technologies may
represent average values applied to the baseline fleet described earlier, and do not reflect the
potentially-limitless spectrum of possible values that could result from adding the technology to
different vehicles. For example, while the agencies have estimated an effectiveness of 0.5
percent for low friction lubricants, each vehicle could have a unique effectiveness estimate
depending on the baseline vehicle’s oil viscosity rating. Similarly, the reduction in rolling
resistance (and thus the improvement in fuel efficiency and the reduction in CO; emissions) due
to the application of LRR tires depends not only on the unique characteristics of the tires
originally on the vehicle, but on the unique characteristics of the tires being applied,
characteristics which must be balanced between fuel efficiency, safety, and performance.
Aerodynamic drag reduction is much the same—it can improve fuel efficiency and reduce CO»
emissions, but it is also highly dependent on vehicle-specific functional objectives. For purposes
of this NPRM, the agencies believe that employing average values for technology effectiveness
estimates is an appropriate way of recognizing the potential variation in the specific benefits that
individual manufacturers (and individual vehicles) might obtain from adding a fuel-saving
technology.

The following contains a description of technologies the agencies considered in the
analysis for this proposal.

(a) Engine Technologies

The agencies reviewed the engine technology estimates used in the 2017-2025 light-duty
rule, the 2014-2018 heavy-duty rule, and the 2014 SwRI report. In doing so the agencies
reconsidered all available sources and updated the estimates as appropriate. The section below
describes both diesel and gasoline engine technologies considered for this program.

(1) Low Friction Lubricants

One of the most basic methods of reducing fuel consumption in both gasoline and diesel
engines is the use of lower viscosity engine lubricants. More advanced multi-viscosity engine
oils are available today with improved performance in a wider temperature band and with better
Iubricating properties. This can be accomplished by changes to the oil base stock (e.g.,
switching engine lubricants from a Group I base oils to lower-friction, lower viscosity Group 111
synthetic) and through changes to lubricant additive packages (e.g., friction modifiers and
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viscosity improvers). The use of SW-30 motor oil is now widespread and auto manufacturers are
introducing the use of even lower viscosity oils, such as SW-20 and 0W-20, to improve cold-
flow properties and reduce cold start friction. However, in some cases, changes to the
crankshaft, rod and main bearings and changes to the mechanical tolerances of engine
components may be required. In all cases, durability testing would be required to ensure that
durability is not compromised. The shift to lower viscosity and lower friction lubricants will also
improve the effectiveness of valvetrain technologies such as cylinder deactivation, which rely on
a minimum oil temperature (viscosity) for operation.

(ii) Engine Friction Reduction

In addition to low friction lubricants, manufacturers can also reduce friction and improve
fuel consumption by improving the design of both diesel and gasoline engine components and
subsystems. Approximately 10 percent of the energy consumed by a vehicle is lost to friction,
and just over half is due to frictional losses within the engine.?° Examples include improvements
in low-tension piston rings, piston skirt design, roller cam followers, improved crankshaft design
and bearings, material coatings, material substitution, more optimal thermal management, and
piston and cylinder surface treatments. Additionally, as computer-aided modeling software
continues to improve, more opportunities for evolutionary friction reductions may become
available. All reciprocating and rotating components in the engine are potential candidates for
friction reduction, and minute improvements in several components can add up to a measurable
fuel efficiency improvement.

(iii) Engine Parasitic Demand Reduction

In addition to physical engine friction reduction, manufacturers can also reduce the
mechanical load on the engine from parasitics, such as oil, fuel, and coolant pumps. The high-
pressure fuel pumps of direct-injection gasoline and diesel engines have particularly high
demand. Example improvements include variable speed or variable displacement water pumps,
variable displacement oil pumps, more efficient high pressure fuel pumps, valve train upgrades
and shutting off piston cooling when not needed.

(iv) Coupled Cam Phasing

Valvetrains with coupled (or coordinated) cam phasing can modify the timing of both the
inlet valves and the exhaust valves an equal amount by phasing the camshaft of an overhead
valve engine.?! For overhead valve engines, which have only one camshaft to actuate both inlet

2 “Impact of Friction Reduction Technologies on Fuel Economy,” Fenske, G. Presented at the March 2009 Chicago
Chapter Meecting of the ‘Socicty of Tribologists and Lubricated Engineers’ Meeting, March 18th, 2009. Available
at: hitp://www.chicagostle.org/program/2008-
2009/Impact%200f2020Friction%20R eduction%20 Technologics%6200n%20Fuel%620Economy%20-
%20with%e20VGs%20removed.pdf (last accessed July 9, 2009).

2 Although couple cam phasing appears only in the single overhead cam and overhead valve branches of the
decision tree, it is noted that a single phaser with a secondary chain drive would allow couple cam phasing to be
applied to direct overhead cam engines. Since this would potentially be adopted on a limited number of direct
overhead cam engines NHTSA did not include it in that branch of the decision tree.
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and exhaust valves, couple cam phasing is the only variable valve timing implementation option
available and requires only one cam phaser.??

tv) Cylinder Deactivation

In conventional spark-ignited engines throttling the airflow controls engine torque output.
At partial loads, efficiency can be improved by using cylinder deactivation instead of throttling.
Cylinder deactivation can improve engine efficiency by disabling or deactivating (usually) half
of the cylinders when the load is less than half of the engine’s total torque capability — the valves
are kept closed, and no fuel is injected — as a result, the trapped air within the deactivated
cylinders is simply compressed and expanded as an air spring, with reduced friction and heat
losses. The active cylinders combust at almost double the load required if all of the cylinders
were operating. Pumping losses are significantly reduced as long as the engine is operated in
this “part-cylinder” mode.

Cylinder deactivation control strategy relies on setting maximum manifold absolute
pressures or predicted torque within a range in which it can deactivate the cylinders. Noise and
vibration issues reduce the operating range to which cylinder deactivation is allowed, although
manufacturers are exploring vehicle changes that enable increasing the amount of time that
cylinder deactivation might be suitable. Some manufacturers may choose to adopt active engine
mounts and/or active noise cancellations systems to address Noise Vibration and Harshness
(NVH) concerns and to allow a greater operating range of activation.

Cylinder deactivation has seen a recent resurgence thanks to better valvetrain designs and
engine controls. General Motors and Chrysler Group have incorporated cylinder deactivation
across a substantial portion of their V8-powered lineups.

(vi) Stoichiometric Gasoline Direct Injection

SGDI engines inject fuel at high pressure directly into the combustion chamber (rather
than the intake port in port fuel injection). SGDI requires changes to the injector design, an
additional high pressure fuel pump, new fuel rails to handle the higher fuel pressures and
changes to the cylinder head and piston crown design. Direct injection of the fuel into the
cylinder improves cooling of the air/fuel charge within the cylinder, which allows for higher
compression ratios and increased thermodynamic efficiency without the onset of combustion
knock. Recent injector design advances, improved electronic engine management systems and
the introduction of multiple injection events per cylinder firing cycle promote better mixing of
the air and fuel, enhance combustion rates, increase residual exhaust gas tolerance and improve
cold start emissions. SGDI engines achieve higher power density and match well with other
technologies, such as boosting and variable valvetrain designs.

2 Tt is also noted that coaxial camshaft developments would allow other variable valve timing options to be applied
to overhead valve engines. However, since they would potentially be adopted on a limited number of overhead valve
engines, NHTS A did not include them in the decision tree.
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Several manufacturers have recently introduced vehicles with SGDI engines, including
GM and Ford and have announced their plans to increase dramatically the number of SGDI
engines in their portfolios.

(vii) Turbocharging and Downsizing

The specific power of a naturally aspirated engine is primarily limited by the rate at
which the engine is able to draw air into the combustion chambers. Turbocharging and
supercharging (grouped together here as boosting) are two methods to increase the intake
manifold pressure and cylinder charge-air mass above naturally aspirated levels. Boosting
increases the airflow into the engine, thus increasing the specific power level, and with it the
ability to reduce engine displacement while maintaining performance. This effectively reduces
the pumping losses at lighter loads in comparison to a larger, naturally aspirated engine.

Almost every major manufacturer currently markets a vehicle with some form of
boosting. While boosting has been a common practice for increasing performance for several
decades, turbocharging has considerable potential to improve fuel economy and reduce CO2
emissions when the engine displacement is also reduced. Specific power levels for a boosted
engine often exceed 100 hp/L, compared to average naturally aspirated engine power densities of
roughly 70 hp/T.. As a result, engines can be downsized roughly 30 percent or higher while
maintaining similar peak output levels. In the last decade, improvements to turbocharger turbine
and compressor design have improved their reliability and performance across the entire engine
operating range. New variable geometry turbines and ball-bearing center cartridges allow faster
turbocharger spool-up (virtually eliminating the once-common “turbo lag™) while maintaining
high flow rates for increased boost at high engine speeds. Low speed torque output has been
dramatically improved for modern turbocharged engines. However, even with turbocharger
improvements, maximum engine torque at very low engine speed conditions, for example launch
from standstill, is increased less than at mid and high engine speed conditions. The potential to
downsize engines may be less on vehicles with low displacement to vehicle mass ratios for
example a very small displacement engine in a vehicle with significant curb weight, in order to
provide adequate acceleration from standstill, particularly up grades or at high altitudes.

Use of GDI systems with turbocharged engines and air-to-air charge air cooling also
reduces the fuel octane requirements for knock limited combustion and allows the use of higher
compression ratios. Ford’s “Ecoboost” downsized, turbocharged GDI engines introduced on
MY 2010 vehicles allow the replacement of V8 engines with V6 engines with improved in 0-60
mph acceleration and with fuel economy improvements of up to 12 percent.

Recently published data with advanced spray-guided injection systems and more
aggressive engine downsizing targeted towards reduced fuel consumption and CO2 emissions
reductions indicate that the potential for reducing CO2 emissions for turbocharged, downsized
GDI engines may be as much as 15 to 30 percent relative to port-fuel-injected engines. 14:.15.16,17.18
Confidential manufacturer data suggests an incremental range of fuel consumption and CO2
emission reduction of 4.8 to 7.5 percent for turbocharging and downsizing. Other publicly-
available sources suggest a fuel consumption and CO2 emission reduction of 8 to 13 percent
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compared to current-production naturally-aspirated engines without friction reduction or other
fuel economy technologies: a joint technical paper by Bosch and Ricardo suggesting fuel
economy gain of 8 to 10 percent for downsizing from a 5.7 liter port injection V8 to a 3.6 liter
V6 with direct injection using a wall-guided direct injection system; a Renault report suggesting
a 11.9 percent NEDC fuel consumption gain for downsizing from a 1.4 liter port injection in-line
4-cylinder engine to a 1.0 liter in-line 4-cylinder engine, also with wall-guided direct injection;
and a Robert Bosch paper suggesting a 13 percent NEDC gain for downsizing to a turbocharged
DI engine, again with wall-guided injection. These reported fuel economy benefits show a wide
range depending on the SGDI technology employed.

Note that for this analysis we determined that this technology path is only applicable to
heavy duty applications that have operating conditions more closely associated with light duty
vehicles. This includes vans designed mainly for cargo volume or modest payloads having
similar GCWR to light duty applications. These vans cannot tow trailers heavier than similar
light duty vehicles and are largely already sharing engines of significantly smaller displacement
and cylinder count compared to heavy duty vehicles designed mainly for trailer towing.

viii) Cooled Exhaust-Gas Recirculation

Cooled exhaust gas recirculation or Boosted EGR is a combustion concept that involves
utilizing EGR as a charge diluent for controlling combustion temperatures and cooling the EGR
prior to its introduction to the combustion system. Higher exhaust gas residual levels at part load
conditions reduce pumping losses for increased fuel economy. The additional charge dilution
enabled by cooled EGR reduces the incidence of knocking combustion and obviates the need for
fuel enrichment at high engine power. This allows for higher boost pressure and/or compression
ratio and further reduction in engine displacement and both pumping and friction losses while
maintaining performance. Engines of this type use GDI and both dual cam phasing and discrete
variable valve lift. The EGR systems considered in this fimalproposed rule, consistent with the
proposal, would use a dual-loop system with both high and low pressure EGR loops and dual
EGR coolers. The engines would also use single-stage, variable geometry turbocharging with
higher intake boost pressure available across a broader range of engine operation than
conventional turbocharged SI engines. Such a system is estimated to be capable of an additional
3 to 5 percent effectiveness relative to a turbocharged, downsized GDI engine without cooled-
EGR. The agencies have also considered a more advanced version of such a cooled EGR system
that employs very high combustion pressures by using dual stage turbocharging.

(b) Diesel Engine Technologies

Diesel engines have several characteristics that give them superior fuel efficiency
compared to conventional gasoline, spark-ignited engines. Pumping losses are much lower due
to lack of (or greatly reduced) throttling. The diesel combustion cycle operates at a higher
compression ratio, with a very lean air/fuel mixture, and turbocharged light-duty diesels typically
achieve much higher torque levels at lower engine speeds than equivalent-displacement
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naturally-aspirated gasoline engines. Additionally, diesel fuel has a higher energy content per
gallon.?* However, diesel fuel also has a higher carbon to hydrogen ratio, which increases the
amount of CO: emitted per gallon of fuel used by approximately 15 percent over a gallon of
gasoline.

Based on confidential business information and the 2010 NAS Report, two major areas of
diesel engine design will be improved during the 2021-2025 timeframe. These areas include
aftertreatment improvements and a broad range of engine improvements.

(i) Aftertreatment Improvements

The HD diesel pickup and van segment has largely adopted the SCR type of
aftertreatment system to comply with criteria pollutant emission standards. As the experience
base for SCR expands over the next few years, many improvements in this aftertreatment system
such as construction of the catalyst, thermal management, and reductant optimization may result
in a reduction in the amount of fuel used in the process. However, due to uncertainties with
these improvements regarding the extent of current optimization and future criteria emissions
obligations, the agencies are not considering aftertreatment improvements as a fuel -saving
technology in the rulemaking analysis.

(ii) Engine Improvements

Diesel engines in the HD pickup and van segment are expected to have several
improvements in their base design in the 2021-2025 timeframe. These improvements include
items such as improved combustion management, optimal turbocharger design, and improved
thermal management.

(c) Transmission Technologies

The agencies have also reviewed the transmission technology estimates used in the 2017-
2015 light-duty and 2014-2018 heavy-duty final rules. In doing so, NHTSA and EPA considered
or reconsidered all available sources including the 2014 SWRI report and updated the estimates
as appropriate. The section below describes each of the transmission technologies considered for
the proposal.

(i) Automatic 8-Speed Transmissions

Manufacturers can also choose to replace 6-speed automatic transmissions with 8-speed
automatic transmissions. Additional ratios allow for further optimization of engine operation
over a wider range of conditions, but this is subject to diminishing returns as the number of
speeds increases. As additional gear sets are added, additional weight and friction are introduced
requiring additional countermeasures to offset these losses. Some manufacturers are replacing 6-
speed automatics already, and 7- and 8-speed automatics have entered production.

% Burning one gallon of diesel fuel produces about 15 percent more carbon dioxide than gasoline due to the higher
density and carbon to hydrogen ratio.

ED_002078G_00029342-00041



(ii) High Efficiency Transmission

For this proposal, a high efficiency transmission refers to some or all of a suite of
incremental transmission improvement technologies that should be available within the 2019 to
2025 timeframe. The majority of these improvements address mechanical friction within the
transmission. These improvements include but are not limited to: shifting clutch technology
improvements, improved kinematic design, dry sump lubrication systems, more efficient seals,
bearings and clutches (reducing drag), component superfinishing and improved transmission
lubricants.

(d) Electrification/Accessory Technologies

(i) Electrical Power Steering or Electrohydraulic Power Steering

Electric power steering (EPS) or Electrohydraulic power steering (EHPS) provides a
potential reduction in CO» emissions and fuel consumption over hydraulic power steering
because of reduced overall accessory loads. This eliminates the parasitic losses associated with
belt-driven power steering pumps which consistently draw load from the engine to pump
hydraulic fluid through the steering actuation systems even when the wheels are not being
turned. EPS is an enabler for all vehicle hybridization technologies since it provides power
steering when the engine 1s off. EPS may be implemented on most vehicles with a standard 12V
system. Some heavier vehicles may require a higher voltage system which may add cost and
complexity.

(ii) Improved Accessories

The accessories on an engine, including the alternator, coolant and oil pumps are
traditionally mechanically-driven. A reduction in CO; emissions and fuel consumption can be
realized by driving them electrically, and only when needed (“on-demand™).

Electric water pumps and electric fans can provide better control of engine cooling. For
example, coolant flow from an electric water pump can be reduced and the radiator fan can be
shut off during engine warm-up or cold ambient temperature conditions which will reduce warm-
up time, reduce warm-up fuel enrichment, and reduce parasitic losses.

Indirect benefit may be obtained by reducing the flow from the water pump electrically
during the engine warm-up period, allowing the engine to heat more rapidly and thereby
reducing the fuel enrichment needed during cold operation and warm-up of the engine. Faster oil
warm-up may also result from better management of the coolant warm-up period. Further benefit
may be obtained when electrification is combined with an improved, higher efficiency engine
alternator used to supply power to the electrified accessories.

Intelligent cooling can more easily be applied to vehicles that do not typically carry
heavy payvloads, so larger vehicles with towing capacity present a challenge, as these vehicles
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have high cooling fan loads.?* However, towing vehicles tend to have large cooling system
capacity and flow scaled to required heat rejection levels when under full load situations such as
towing at GCWR in extreme ambient conditions. During almost all other situations, this design
characteristic may result in unnecessary energy usage for coolant pumping and heat rejection to
the radiator.

The agencies considered whether to include electric oil pump technology for the
rulemaking. Because it is necessary to operate the oil pump any time the engine is running,
electric oil pump technology has msignificant effect on efficiency. Therefore, the agencies
decided to not include electric oil pump technology.

(iii) Mild Hybrid

Mild hybrid systems offer idle-stop functionality and a limited level of regenerative
braking and power assist. These systems replace the conventional alternator with a belt or crank
driven starter/alternator and may add high voltage electrical accessories (which may include
electric power steering and an auxiliary automatic transmission pump). The limited electrical
requirements of these systems allow the use of lead-acid batteries or supercapacitors for energy
storage, or the use of a small lithium-ion battery pack.

(iv) Strong Hybrid

A hybrid vehicle is a vehicle that combines two significant sources of propulsion energy,
where one uses a consumable fuel (like gasoline), and one is rechargeable (during operation, or
by another energy source). Hybrid technology is well established in the U.S. market and more
manufacturers are adding hybrid models to their lineups. Hybrids reduce fuel consumption
through three major mechanisms:

« The internal combustion engine can be optimized (through downsizing, modifying the
operating cycle, or other control techniques) to operate at or near its most efficient point
more of the time. Power loss from engine downsizing can be mitigated by employing
power assist from the secondary power source.

« A significant amount of the energy normally lost as heat while braking can be captured
and stored in the energy storage system for later use.

« The engine is turned off when it is not needed, such as when the vehicle is coasting or
when stopped.

Hybrid vehicles utilize some combination of the three above mechanisms to reduce fuel
consumption and CO2 emissions. The effectiveness of fuel consumption and CO2

2 In the CAFE model, improved accessories refers solely to improved engine cooling. However, EPA has included
ahigh efficiency alternator in this category, as well as improvements to the cooling system.
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reduction depends on the utilization of the above mechanisms and how aggressively they
are pursued. One area where this variation is particularly prevalent is in the choice of
engine size and its effect on balancing fuel economy and performance. Some
manufacturers choose not to downsize the engine when applying hybrid technologies. In
these cases, overall performance is typically improved beyond the conventional engine,
however fuel efficiency improves less than if the engine was downsized to maintain the
same performance as the conventional version. The non-downsizing approach is used for
vehicles like trucks where towing and/or hauling are an integral part of their performance
requirements. In these cases, if the engine is downsized, the battery can be quickly
drained during a long hill climb with a heavy load, leaving only a downsized engine to
carry the entire load. Because towing capability is currently a heavily-marketed truck
attribute, manufacturers are hesitant to offer a truck with downsized engine which can
lead to a significantly diminished towing performance when the battery state of charge
level is low, and therefore engines are traditionally not downsized for these vehicles.
Strong Hybrid technology utilizes an axial electric motor connected to the transmission
input shaft and connected to the engine crankshaft through a clutch. The axial motor is a
motor/generator that can provide sufficient torque for launch assist, all electric operation,
and the ability to recover significant levels of braking energy.

(e) Vehicle Technologies

(i) Mass Reduction

Reducing a vehicle’s mass, or down-weighting the vehicle, decreases fuel consumption
by reducing the energy demand needed to overcome forces resisting motion, and rolling
resistance. Manufacturers employ a systematic approach to mass reduction, where the net mass
reduction is the addition of a direct component or system mass reduction plus the additional mass
reduction taken from indirect ancillary systems and components, as a result of full vehicle
optimization, effectively compounding or obtaining a secondary mass reduction from a primary
mass reduction. For example, use of a smaller, lighter engine with lower torque-output
subsequently allows the use of a smaller, lighter-weight transmission and drive line components.
Likewise, the compounded weight reductions of the body. engine and drivetrain reduce stresses
on the suspension components, steering components, wheels, tires and brakes, allowing further
reductions in the mass of these subsystems. The reductions in unsprung masses such as brakes,
control arms, wheels and tires further reduce stresses in the suspension mounting points. This
produces a compounding effect of mass reductions. --However, the levels of compounding that
are prevalent in light-duty vehicles may not be as viable for heavy-duty vehicles due to the
payload and towing requirements.

Estimates of the synergistic effects of mass reduction and the compounding effect that
occurs along with it can vary significantly from one report to another. For example, in
discussing its estimate, an Auto-Steel Partnership report states that “These secondary mass
changes can be considerable—estimated at an additional 0.7 to 1.8 times the initial mass
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change.”?® This means for each one pound reduction in a primary component, up to 1.8 Ibs can
be reduced from other structures in the vehicle (i.e., a 180 percent factor). The report also
discusses that a primary variable in the realized secondary weight reduction is whether or not the
powertrain components can be included in the mass reduction effort, with the lower end
estimates being applicable when powertrain elements are unavailable for mass reduction.
However, another report by the Aluminum Association, which primarily focuses on the use of
aluminum as an alternative material for steel, estimated a factor of 64 percent for secondary mass
reduction even though some powertrain elements were considered in the analysis.?¢ That report
also notes that typical values for this factor vary from 50 to 100 percent. Although there is a
wide variation in stated estimates, synergistic mass reductions do exist, and the effects result in
tangible mass reductions. Mass reductions in a single vehicle component, for example a door
side impact/intrusion system, may actually result in a significantly higher weight savings in the
total vehicle, depending on how well the manufacturer integrates the modification into the
overall vehicle design. Accordingly, care must be taken when reviewing reports on weight
reduction methods and practices to ascertain if compounding effects have been considered or not.

Mass reduction is broadly applicable across all vehicle subsystems including the engine,
exhaust system, transmission, chassis, suspension, brakes, body, closure panels, glazing, seats
and other interior components, engine cooling systems and HVAC systems. It is estimated that
up to 1.25 kilograms of secondary weight savings can be achieved for every kilogram of weight
saved on a vehicle when all subsystems are redesigned to take into account the initial primary
weight savings.?7-28

Mass reduction can be accomplished by proven methods such as:

e Smart Design: Computer aided engineering (CAE) tools can be used to better optimize
load paths within structures by reducing stresses and bending moments applied to
structures. This allows better optimization of the sectional thicknesses of structural
components to reduce mass while maintaining or improving the function of the
component. Smart designs also integrate separate parts in a manner that reduces mass by

2 “Preliminary Vehicle Mass Estimation Using Empirical Subsystem Influence Coefficients,” Malen, D.E., Reddy,

K. Auto-Steel Partnership Report, May 2007, Docket EPA-HQ-OAR-2009-0472-0169. Accessed on the Intemnet on
May 30, 2009 at: http://www.a-sp.org/database/custom/Mass%620Compounding%620-%20Final%20Report.pdf

% “Benefit Analysis: Use of Aluminum Structures in Conjunction with Alternative Powertrain Technologies in
Automobiles,” Bull, M. Chavali, R., Mascarin, A., Aluminum Association Research Report, May 2008, Docket
EPA-HQ-OAR-2009-0472-0168. Accessed on the Internet on April 30, 2009 at:
http://www.autoaluminum.org/downloads/IBIS-Powertrain-Study.pdf

27 *“Future Generation Passenger Compartment-Validation (ASP 241)” Villano, P.J., Shaw, J.R., Polewarczyk, J.,
Morgans, S., Carpenter, J.A., Yocum, A.D., in “Lightweighting Materials — FY 2008 Progress Report,” U.S.
Department of Energy, Office of Energy Efficiency and Renewable Energy, Vehicle Technologies Program, May
2009, Docket EPA-HQ-OAR-2009-0472-0190.

28 “Preliminary Vehicle Mass Estimation Using Empirical Subsystem Influence Coefficients,” Malen, D.E., Reddy,
K. Auto-Steel Partnership Report, May 2007, Docket EPA-HQ-OAR-2009-0472-0169. Accessed on the Intemnet on
May 30, 2009 at: http://www.a-sp.org/database/custom/Mass%620Compounding%620-%20Final%20Report.pdf
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combining functions or the reduced use of separate fasteners. In addition, some “body on
frame™ vehicles are redesigned with a lighter “unibody” construction.

e Material Substitution: Substitution of lower density and/or higher strength materials into
a design in a manner that preserves or improves the function of the component. This
includes substitution of high-strength steels, aluminum, magnesium or composite
materials for components currently fabricated from mild steel.

e Reduced Powertrain Requirements: Reducing vehicle weight sufficiently allows for the
use of a smaller, lighter and more efficient engine while maintaining or increasing
performance. Approximately half of the reduction is due to these reduced powertrain
output requirements from reduced engine power output and/or displacement, changes to
transmission and final drive gear ratios. The subsequent reduced rotating mass (e.g.,
transmission, driveshafts/halfshafts, wheels and tires) via weight and/or size reduction of
components are made possible by reduced torque output requirements. Automotive
companies have largely used weight savings in some vehicle subsystems to offset or
mitigate weight gains in other subsystems from increased feature content (sound
insulation, entertainment systems, improved climate control, panoramic roof, etc.).

o Lightweight designs have also been used to improve vehicle performance parameters by
increased acceleration performance or superior vehicle handling and braking.

Many manufacturers have already announced final future products plans reducing the
weight of a vehicle body through the use of high strength steel body-in-white, composite body
panels, magnesium alloy front and rear energy absorbing structures reducing vehicle weight
sufficiently to allow a smaller, lighter and more efficient engine. Nissan will be reducing
average vehicle curb weight by 15% by 2015.2° Ford has identified weight reductions of 250 to
750 1b per vehicle as part of its implementation of known technology within its sustainability
strategy between 2011 and 20203 including the aluminum bodied 2015 F150 which may
eventually share body panels with the heavy duty F250 version when it is redesigned. Mazda
plans to reduce vehicle weight by 220 Ibs per vehicle or more as models are redesigned.?!-32
Ducker International estimates that the average curb weight of light-duty vehicle fleet will
decrease approximately 2.8% from 2009 to 2015 and approximately 6.5% from 2009 to 2020 via
changes in automotive materials and increased change-over from previously used body-on-frame
automobile and light-truck designs to newer unibody designs. While the opportunity for mass
reductions available to the light-duty fleet may not in all cases be applied directly to the heavy-
duty fleet due to the different designs for the expected duty cycles of a “work™ vehicle, mass

* 1 ighten Up!,” Brooke, L., Evans, H. Automotive Engineering International, Vol. 117, No. 3, March 2009.

39 <2008/9 Blueprint for Sustainability,” Ford Motor Company. Available at: http:// www.ford.com/go/sustainability
(last accessed February 8, 2010).

3t “Mazda to cut vehicle fuel consumption 30 percent by 2015,” Mazda press release, June 23, 2009. Available at:
http://www.mazda.com/publicity/release/2008/200806/080623.htm] (last accessed February 8, 2010).

32 “©azda: Don’t believe hot air being emitted by hybrid hype,” Greimel, H. Automotive News, March 30, 2009.
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reductions are still available particularly to areas unrelated to the components necessary for the
work vehicle aspects.

(ii) Low Rolling Resistance Tires

Tire rolling resistance is the frictional loss associated mainly with the energy dissipated
in the deformation of the tires under load and thus influences fuel efficiency and CO,
emissions. Other tire design characteristics (e.g., materials, construction, and tread design)
influence durability, traction (both wet and dry grip), vehicle handling, and ride comfort in
addition to rolling resistance. A typical LRR tire’s attributes would include: increased tire
inflation pressure, material changes, and tire construction with less hysteresis, geometry changes
(e.g.. reduced aspect ratios), and reduction in sidewall and tread deflection. These changes
would generally be accompanied with additional changes to suspension tuning and/or suspension
design.

(iii) Aerodynamic Drag Reduction

Many factors affect a vehicle’s aerodynamic drag and the resulting power required to
move it through the air. While these factors change with air density and the square and cube of
vehicle speed, respectively, the overall drag effect is determined by the product of its frontal area
and drag coefficient, Cd. Reductions in these quantities can therefore reduce fuel consumption
and CO; emissions. Although frontal areas tend to be relatively similar within a vehicle class
(mostly due to market-competitive size requirements), significant variations in drag coefficient
can be observed. Significant changes to a vehicle’s aerodynamic performance may need to be
implemented during a redesign (e.g., changes in vehicle shape). However, shorter-term
aerodynamic reductions, with a somewhat lower effectiveness, may be achieved through the use
of revised exterior components (typically at a model refresh in mid-cycle) and add-on devices
that currently being applied. The latter list would include revised front and rear fascias, modified
front air dams and rear valances, addition of rear deck lips and underbody panels, and lower
aerodynamic drag exterior mirrors.

(6) What Are the Projected Technology Effectiveness Values and Costs2

The assessment of the technology effectiveness and costs was determined from a
combination of sources. First an assessment was performed by SwRI under contract with the
agencies to determine the effectiveness and costs on several technologies that were generally not
considered in the Phase 1 GHG rule time frame. Some of the technologies were common with
the light-duty assessment but the effectiveness and costs of individual technologies were
appropriately adjusted to match the expected effectiveness and costs when implemented in a
heavy-duty application. Finally, the agencies performed extensive outreach to suppliers of
engine, transmission and vehicle technologies applicable to heavy-duty applications to get
industry input on cost and effectiveness of potential GHG and fuel consumption reducing
technologies.

To achieve the levels of the proposed standards for gasoline and diesel powered heavy-
duty vehicles, a combination of the technologies previously discussed would be required
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respective to unique gasoline and diesel technologies and their challenges. Although some of the
technologies may already be implemented in a portion of heavy-duty vehicles, none of the
technologies discussed are considered ubiquitous in the heavy-duty fleet. Also, as would be
expected, the available test data show that some vehicle models would not need the full
complement of available technologies to achieve the proposed standards. Furthermore, many
technologies can be further improved (e.g., aerodynamic improvements) from today’s best
levels, and so allow for compliance without needing to apply a technology that a manufacturer
might deem less desirable.

Technology costs for HD pickups and vans are shown in Table VI-3%Table -3, These costs

reflect direct and indivect cosis o the vehicle manufscturer for the 2021 model vear, See
Chapter 2 of the Draft RIA for a more complete description of the basis of these costs.
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Table VI-3 Technology Costs for HD Pickups & Vans Inclusive of Indirect Cost Markups for MY2021

(2012%)
Technology Class-2b Class2b | Class2 Class-3 ~{ Deleted Cells
Gasoline Diesel traseline Desel “{ Deleted Cells

Engine changes to accommodate low §& %6
e $6 $6
friction lubes
Engine friction reduction — level 1 8116 311
Engine friction reduction — level 2 $254 $254 | 3254 $234 .. Deleted Cells
Dual cam phasing $183 $183 | $183 $183 7! Deleted Cells
Cylinder deactivation $196 N/A | $3196 BLAA
Stplc}_nometnc gasoline direct $451 N/A 3451 NLA
njection
Turbo improvements N/A $16 | DA 516
Cooled EGR $373 $373 | 393 5373
Turbocharging & downsizing? $671 N/A | 8674 DA
“Right-sized” diesel from larger diesel N/A $0 | NA Wid
gs aulon}atlc t_ransmlsqu (increment $134457 $131457 %131 $134
to 6s automatic transmission)
Improved accessories — level 1 $82 $51
Improved accessories — level 2 $132 $132 | 3132 32 ~{ Deleted Cells
Low rolling resistance tires — level 21 $7810 $7810 | $78 $78 “{ Deleted Cells
Daasive aerody 6 o S
I a‘%sn e\ acrodvnamic unprovements $51 53
(agro 1) ‘
Passive plus Active aerodynamic | F230 $230 .| Deleted Cells
. o $230 $230 |+ S
improvements (aerol) “ Deleted Cells
Elec‘;rlc (or electro/hydraulic) power $151 $151 5131
steering

- - YAy T
Ma§s reduction (10%63% on a 6300 b $318 $318 $357
vehicle)
Driveline friction reduction $139 $139 $138
Transmission managernent $33 832 $32
Stop-start (no regenerative braking) $539 $539 $530 | Deleted Cells
Mild HEV $2730 $2730 33150 | Deleted Cells
Strong HEV $31506779 |  $31506779 $3150

? Cost to downsize from a V8 OHC to a V6 OHC engine with twin turbos.

The CAFE model works by adding technologies in an incremental fashion to each
particular vehicle in a manufacturer’s fleet until that fleet complies with the imposed standards.
1t does this by following a predefined set of decision trees whereby the particular vehicle is
placed on the appropriate decision tree and it follows the predefined progression of technology
available on that tree. At each step along the tree, a decision is made regarding the costof a
given technology relative to what already exists on the vehicle along with the fuel consumption
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improvement it provides relative to the fuel consumption at the current location on the tree, prior
to deciding whether to take that next step on the tree or remain in the current location. Because
the model works in this way, the input files must be structured to provide costs and effectiveness
values for each technology relative to whatever technologies have been added in earlier steps
along the tree. Table VI-4Table-VE-4 presents the cost and effectiveness values used in the CAFE
model input files.

Table VI-4 CAFE Model Input Values for Cost & Effectiveness for Given Technologies®

FC Incremental Cost (2012$)>"

Technology Savings | 2016 | 2021 | 2025 | 2030
Improved Lubricants and Engine Friction 1.60% 24 24 24 23
Reduction
Coupled Cam Phasing (SOHC) 3.82% 55 48 43 40
Dual Variable Valve Lift (SOHC) 2.47% 48 42 37 34
Cylinder Deactivation (SOHC) 3.70% 38 34 30 27
Intake Cam Phasing (DOHC) 0.00% 55 48 43 40
Dual Cam Phasing (DOHC) 3.82% 52 46 40 37
Dual Variable Valve Lift (DOHC) 2.47% 48 42 37 34
Cylinder Deactivation (DOHC) 3.70% 38 34 30 27
Stoichiometric Gasoline Direct Injection 0.50% 79 71 61 57
(OHO)
Cylinder Deactivation (OHV) 3.90% | 243 216 | 188 174
Variable Valve Actuation (OHV) 6.10% 61 54 47 44
Stoichiometric Gasoline Direct Injection 0.50% 79 71 61 57
(OHV)
Engine Turbocharging and Downsizing

Small Gasoline Engines 8.00% | 573 518 | 441 412

Medmum Gasoline Engines 8.00% | (35) (12) | (62| 47

Large Gasoline Engines 8.00% | 702 623 | 522 482
Cooled Exhaust Gas Recirculation 3.04% | 428 382 332] 308
Cylinder Deactivation on Turbo/downsized 1.70% 37 33 29 27
Eng.
Lean-Burn Gasoline Direct Injection 4.30% 1758

2,503 ’ 1,485 1 1,321

Improved Diesel Engine Turbocharging 2.51% 25 22 19 18
Engine Friction & Parasitic Reduction

Small Diesel Engines 3.50% | 301 269 | 253 216

Medium Diesel Engines 3.50% | 386 345 | 325 277

Large Diesel Engines 3.50% | 471 421 397 | 339
Downsizing of Diesel Engines (V6 to [-4) 11.10% 0 0 0 0
8-Speed Automatic Transmission® 500% | 540 482 | 419 388
Electric Power Steering 1.00% | 182 160 | 144 132
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Improved Accessories (Level 1) 0.93% | 105 93 83 77
Improved Accessories (Level 2) 0.93% 65 57 54 47
Stop-Start System 1.10% | 871 612 | 517| 460
- - ~ ’ 0/,
Integrated Starter-Generator 3.20% 273 1040 | 969 | 775 |
Strong Hybrid Electric Vehicle 17.20% 3038 ]
3458 | 7777 12,393 | 2,166
Mass Reduction (5%) 1.50% | 0.32 028 024] 022
Mass Reduction (additional 5%) 1.50% | 0.98 0.87| 075 068
Reduced Rolling Resistance Tires 1.10% 10 10 9 9
Low-Drag Brakes 0.40% 106 106 102 102
Driveline Friction Reduction 0.50% | 173 153 137 126
Aerodynamic Improvements (10%) 0.70% 65 58 52 47
By - %
Aerqﬁd{gﬁ;{gﬂc Improvements 0.70% 217 193 182 156 1

?Values for other model years available in CAFE model input files available at NHTSA web site.
"For mass reduction, cost reported on mass basis (per pound of curb weight reduction).

¢ 8 speed automatic transmission costs include costs for high efficiency gearbox; and aggressive shift logic dﬂé]
carb-tereno-conveortertoskup-whereas those costs were kept separate in prior analyses.

Summary of Alterpativeslternatives Analysis ]

The major outputs of the CAF L model analy sis are summanzed in [ahk VI-6TFable-Vi-5
and Table VI-6Fable~3-6 below o e . For a more
detailed analysis of the alternatwes please refer to section D below as well as the draft RTA.

- Commented [DOTAT: Values in this table (o be updated by
- NHIsA :
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Table VI-$6%: Summary of HD Pickup and Van Alternatives’ Analysis -

v

Annual Standard 2.0%/y 2.75%1y 3.5%/y 4.0%/y
Increase
Average Fuel Economy (miles per gallon)
Required 19.04 19.81 20.57 21.14
Achieved 19.14 20.05 20.83 21.27
Average Fuel Consumption (gallons /100 mi.)
Required 525 5.05 4.86 473
Achieved 522 4.99 4.80 4.70
Average Greenhouse Gas Emissions (g/mi)
Required 495 476 458 446
Achieved 491 470 453 444
Technology Cost (vs. No-Action)
Average ($) 578 1,015 1,655 2,080
Total ($m) 437 767 1,251 1,572
Benefit-Cost Summary ($billion)
Total Social Cost 2.2 3.8 6.2 8.5
Total Social 12.6 157 20.6 24.3
Benefit
Pageof
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Net Social Benefit | 104 [ 119 [ 144 | 158 |
Technology Penetration (%)
VVT and/or VVL 46 46 46 46
Cylinder Deac. 29 21 21 21
Direct Injection 17 25 31 32
Turbocharging 55 63 63 63
8-Speed AT 67 90 96 97
EPS, Accessories 50 74 78 76
Stop-Start 0 0 3 14
Hybridization? 0 5 25 50
Aero. 23 62 78 75
Improvements
Mass Reduction (vs. No-Action)

CW (Ib) 239 211 325 313
CW (%) 3.7 32 5.0 4.8

In general, the standards are expected to cause manufacturers to produce HD pickups and
vans that are lighter, more aerodynamic, and more technologically complex across all the
alternatives, while social benefits continue to increase across all alternatives. As shown, there 1s
a major difference between the relatively small increases in required fuel economy and average
incremental technology cost between the alternatives, suggesting that the challenge of improving
fuel consumption and CO; emissions accelerates as stringency increases (i.e., that there may be a
“knee” in the dependence of the challenge and on the stringency). Despite the fact that the
required average fuel consumption level only changes by about X2 to 3 percent between

o,

uf the Proposed Standards

Statwbervicga

sed on the mformation currently before the agencies, we believe that Alternative 3
would be maximum feasible for this segment for the model vears 1n question. Alternative 4 1s
also discussed i detad below because the agencies believe 1t 18 possible, depending on
cormments and additional information received during the comment period. that it conld be
within the agencies’ discretion to defermine that Allernative 4 could be maximum feasible in the

fimal rule. The agencies seek comment o assist us in making that deternunation
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,,

+1s estimated to achieve 96% of the fuel economy level
achieved in Alternative 4 at about 60 percent of the average vehicle cost, without the expected
deployment of more advanced technology. In particular, manufacturers are estimated to deploy
strong hybrids in less than 5 percent of new vehicles (in Y 2028) under Alternative 3, compared
to more than 12 percent under Alternative 4. Less aggressive electrification technologies also
appear on 15 percent of the new vehicles simulated to be produced in 2028 under Alternative
4, but are entirely absent under Alternative 3. Fo-the-extent-that-thesemore-advanced

s
shinadoed s hl & w).nwn. desress-pfelectrfication—ars-of. e sticnablewididvto-thevehicle
techiy 3% HE-GBEFeSS-S-Sr 8ot e toN-at A2 EE HEEHEO- RS- PSR CISS 1Y

a»{{@Hm%.4&*{;»1%%}%1}%}}»{%%@{%» '»*»alwwmzm»w» 3t

HFacltiwers-to-sehieve -compliance-with-the sraposed-standards
HAeH: 16 TR W -tRe-Pre SSRGS

dto-be-necessary-f
As part of the agencies” evaluations of the reasonableness and feasibility of the proposed
standards, we also considered alternative standards that are summarized in Section X. Having
determined that the proposed standards are feasible, we also considered whether the more
alternative stringent standards might be more appropriate. In particular, we are giving special
consideration to the standards that were analyzed as part of Alternative 4. We-note-that-both-the
propesed-standards--Adternative - 3-and-the-Adternative-4-standar ame-data-with
senectio-technolemv-effectivg sohnelees-cost-glo—iheref e "i‘-ri‘i-iﬁﬁ-&f:?f‘i-ﬁ}

e e =
TN RGN (SRR QS FH S U f T {echne ity Fer BT

CEEE SHRSG

We pmJect the proposed standard% to be achlevable W1thm known de%lgn cycle% and we beheve
these standards would allow different paths to compliance in addition to the one we outline and
cost here. As discussed below and throughout this propesalanalysis, our proposal places a higher
value on maintaining functionality and capability of vebicles designed for work (versus light-
duty)y, and on the assurance of in use reliability and market acceptance of new technology .
particularly in initial model years of the program, over considerations of cost effectiveness, rapid
paybacks, and total net benefits. Nevertheless, it may be possible to have additional adoption
rates of the technologies than we project so that further rcducuons could be dlelable at
reasonable cost and cost-effectiveness. Based-es 2

weieht-to-totel net-benefitsand - less-to-concerns-of
WS ERT e RSTHS - A 188- 1 3 P50

ste 3-obie saeh; The proposed
standards are expected to cause manufacturers to aggressively 1mplcment tcchnologles that are
considered available in the time frame of this rule. Under this approach, manufacturers are
expected to implement these technologies considered feasible and appropriate for HD pickups
and vans at aggressive adoption rates on essentially all vehicles across this sector by 2025 model
year. In the case of several of these technologies, they are expected to approach 100% adoption.
This includes a combination of engine, transmission and vehicle technologies as described in this
section across every: vehicle.

; Commented [DOT5]: to 100% adoption should

& accompanied by an explanation of how thatis realistio fe g
tatistics on ciirrent adoption rates. additional detail on

| availabilityefc). Thetable belaw is helpfulin termsof adding
| granularity; but giveri that for mény of the fechnologies; the

| assumptionsare at 100% in eithier alternative, the text should

| slaborate on why this 1§ realisfic.
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The-proposed-lovelbof sirinpensy-also-takesinto-considerstion-several-challengesuad
sisks-that-could-be-snepuniered-in the -heavy-duty piekup-and van-segment-Forexample- by
’rifif#;’-’-1--&1{#;’-%}1&&‘0"-’---iﬂ--&’v‘-}'-}%(:‘-h--ﬂle--i—i’-}d{‘i*’-}t—i’-‘c‘---if-}-% uj Her a-ppmm h M&)" o penelration
- 1&1:-,:1-

LSS mflx unr\v\]‘ otcertatntechnoloat
B HEF t M

CH- SR

supplien [his-has-been-noted: bwgliele m&mﬁ ;

rezard-fo-antreduction-ofdewerrolling resistance-tives-for-certaginvehiclosVahinle
Fogara HHFOE: SRR S

25

-are-neb-a-sontrol-of tire manufashinng and wmey-be-vulnerable fo-the market
dé&‘:&&i@ﬁs—«(:?Ie--E-i{ﬁ--1-&&?—14;!L:}&:ff:‘i:})“-f;’a“-&.

There is also a high degree of sensitivity to the estimated effectiveness levels of
individual technologies. At high penetration rates of all technologies on a vehicle, the result of a
reduced effectiveness of even a single technology could be non-compliance with the standards.
It the standards do not account for this uncertainty there would be a real possibility that a
manufacturer eenld-fellewwho followed the models-exact technology path andwe project wy

i because a technology behaved slightly

s uncertainty, among others, in the

-._ The agencies have eXplored %
unccrtdmlv analy sis described in section D below.

As discussed above, the proposed standards and the Alternative 4
standards are based on the application of the echnologies described in this section.
These technologies are projected to be available within the lead time provided, as discussed in
Draft RTA Chapter 2.6. The proposed standards and Alternative 4 would require an aggressive
implementation schedule of most of these technologies during the program phase-in. Heavy-
duty pickups and vans would need to have a combination of many individual technologies to
achieve the proposed standards. The proposed standards are projected to yield significant
emission and fuel consumption reductions without requiring a large segment transition to strong
hybrids, a technology that while successful in light-duty passenger cars, cross-over vehicles and
SUVs, may impact vehicle work capabilities™ and have questlonable customer acceptance ma
ldrgc portion of this scgmcnt dedicated to towmg

hoony 950200 2% Wit e o315 % e 63 7890014 9 0} gtens X
Hkelscragnire hat same manifactiress malceesianificant ase ot midd andisratione heluads adiel

s-careg the P}m cz»»}»ﬁmplem@ﬂkﬁ 1O ﬁl 2

- commented [NCC6]: NCC flag

mavnotbe acoepiable dn s madied cemment canoaially Eae BB siokume. The agencies
estimates that Alternative 4 would potentially require the use of strong hybrids

* Hybeid batteries, motors and elecironios eenerally add weieht to 2 velick and require more space which san resull

in conflicls with pavicad weight and volume objectives,

 Hyvbrid electric systems are not sized for situations when vehicles are required to do trailer towing where the
combined weisht of vehicle and trailer is 2 1o 4 {imes that of the vehicle alone, During these conditions, the hybnd
system will have vivreduced effectivencss. Sixing the system for traifer {owing is prohibitive with respect
to hiybrid component required sizes and the availability of locations to place larger components Jike batteries.
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‘mﬂd hybrids, and stop/start engine systems

Commented [DOT7]: See comment in fable below

The technology adoption rates prOJected for the propos
Guband Altematwe 4 are shown in the Table—~/1-6 below.

Field Code Changed

possibility of certam van dgsigns or other ;}mdu ts bemge dis "*onunugd chrdl manufacturers

now offer or are moving to European style HD vans. Ford, for example. is discontinuing its B
series body on frame HD van and replacing it with the unibody Transit van for MY 2015 While

Commented [DOTS]: Whyis thisanetther/or? Couldn't

therealso be a'scenario with some strong hybridization, with the
| mild hybridization falling rer Gand 567 This
| stiggests possible overstatement of the expeciation vis avis

trong hybrid:: Same comment vis aviy the 48 inthe column re:

- option 4.

| Commented [JWO: I this CRI?

other manufacturers have replaced their traditional style vans with new Furopean style van
designs, GM continues to offer the traditional stdevan-full frame stvie van with eight evlinder
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gasoline engines required for & towing capability. Typically, the European style l
vans are equipped with smaller engines offering better fuel consumption and lower CO;
emissions but sftea-with reduced towing capability-, similar o hight-duty trucks. The agencies
request comment on the potential for Alternative 4 in particular to GM to
replacediscontinue its current traditional style van and replace it with aan as yet to be designed
Furopean style van similar to its competitor’s products. Such an outcome ¢uwgnld limit
consumer choice both on the style of van available in the marketplace and on the range of
capabilities of the vehicles available. The agencies have not attempted to cost out this possible
compliance path. The agencies request comments on the likelihood of this as a possible outcome
of Alternative 4, and whether 1t would be appropriate. We are especially i
on the potential impact on consumer choice and the costs associated with this type of wholesale
vehicle model replacement.

In addition another potential outcome of Alternative 4 would be that manufacturers

ina%r have it t S reguire. 3
ao-lons m&e%mw & s;u;wehae an Wi 1&11 wx@miix apktowing vapalabibeand w«uéd snstead-purchase
2 u&setme picknp that meets thedr towing regnivements. The agencies request comment on the

potential for Alternative 4 to lead to this type of compliance approach.

The agencies also request comment on the possibility that Alternative 4 could lead to
increased dieselization of the HD pickup and van fleet. Dieselization is not a technology path
the agencies included in the analysis for the Phase 1 rule or the Phase 2 proposal but it is
something the agencies could consider as a technology path under Alternative 4. As discussed
earlier, diesel engines are fundamentally more efficient than gasoline enginess providing the
same power (even gasoline engines with the technologies discussed above:}. Alternative 4 could
result in manufacturers switching from gasoline engines to diesel engines in certain challenging
segments. However, while technologically feasible, this pathway could cause a distortion in
consumer choices and significantly increase the cost of those vehicles, particularly considering
Alternative 4 s projected to require penetration of some form ofh brid

-Also, if dieselization occurs by manufacturers

equlpprng Vehrcles \Mth larger diesel engines rather than “right-sized” engines, the towing
capability of the vehicles could increase resulting in higher work factors for the vehicles, higher
;, and reduced program benefits. The issue of surplus towing capability is also |
discussed above in VL.B. (1).

Commented [NCC 210): This seems speculative. Weare
Tequesting comment on thig igsue, so manufacturers can tell ugif
they have thiese concertis.

{ commented [IWILT: We did ot allow hybrdization of
tdiesels.
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The technologies associated with meeting the proposed standards are e%timated to add
costs to heavy-duty pickups and vans as shown in FTable VI-8Table VI-8Table VI
Table VI-STable-VI-L for ¢ ) : 2 by Thcse costs are
relative to a vehicle meetmg the MY7018 standard in each of the model years shown.
Reductions associated with these costs and technologies are considerable, estimated ata 12

percent reduction of COzeq emissions from the MY 2018 baseline for gasoline and diesel engine
equlppcd Vchlclc“ esiirpated-—toresultin redueiicns of SO MDA o £C0, 286 emissions-overibe

TONEH TS 5

hifetimes-of-202-threugh- 2025 M¥-vehieles 3 The cost of controls iswould be fully recovered
by the operator due to the associated fuel savings, with a payback period somewhere in the third
year of ownership, as shown in Section IX.LL of this preamble. Given the large emission
reductions based-en-use-offeasible-we estimate would result from the technologies wineh-arewe

35 See Table VI-45.
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project to be feasible and available in the lead time provided, plus the lack of adverse impacts onl
vehicle safety or utility, EPA and NHTSA regard these proposed standards as appropriate and
consistent with our respective statutory authorities under CAA Section 202 (a) and NHTSA’s
EISA authority under 49 U.S.C. 32902(k)(2). We also show the costs for the potential
Alternative 4 standards in Table VI-10TableVI-16Table V-8 and Table VI-11Table V11

;_Table VI-887 HD Pickups and Vans Incremiental Technology Costs per Vehicle under the Proposed

Standards - Plat Baaeld
(2012%)
2021 2022 2023 2024 2025

HD Pickups & Vans | $399664 | $392636 | $8751,047 | $9081,001 | $9331.108

tal Technology Costs per Vehicle under the Potential
Alternative - Standards - 1 (20129)

2021 2022 2023
HD Pickups & Vans | $7361 287 | $7261.270 | $1,2268358

2024 2025

D. Analysis of the Regulatory Alternatives for HD Pickups and Vans

- Commented [DOT12]: Can these tables be edited to also

- include payback period?

Formatted Table

ED_002078G_00029342-00059



ED_002078G_00029342-00060



(1) How Did the Agencies Evaluate the Regulatory Alternatives?

As discussed in section C above, the agencies used DOT’s CAFE model to conduct an
analysis of potential standards for HD pickups and vans. The basic operation of the CAFE
model was described in section IV.C.2, so will not be repeated here. However, in this section we
will provide additional detail on the model operation, inputs, assumptions, and eupstsoutputs.

DOT developed the CAFE model in 2002 to support the 2003 issuance of CAFE
standards for MYs 2005-2007 light trucks. DOT has since significantly expanded and refined
the model, and has applied the model to support every ensuing CAFE rulemaking

e 2006 MYs 2008-2011 light trucks

e 2008 MYs 2011-2015 passenger cars and light trucks (final rule prepared but withheld)
e 2009: MY 2011 passenger cars and light trucks

e 2010 MYs 2012-2016 passenger cars and light trucks (joint rulemaking with EPA)

e 2012 MYs 2017-2021 passenger cars and light trucks (joint rulemaking with EPA)

Past analyses conducted using the CAFE model have been subjected to extensive and
detailed review and comment, much of which has informed the model’s expansion and
refinement. NHTSA’s use of the model was considered and supported in Cesnfer for Biological
Diversity v. National Highwav Traflic Safety Admin., 538 F.3d 1172, 1194 (8th Cir, 2008). For
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firther discussion see 76 FR 571982007 htipatien{CBDv- WNHTSAY, and the model has been
subjected to formal peer review and review by the General Accounting Office (GAQO) and
National Research Council (NRC). NHTSA makes public the model, source code, and—except
insofar as doing so would compromise confidential business information (CBI) manufacturers
have provided to NHTSA—all model inputs and outputs underlying published rulemaking
analyses.

This analysis reflects several changes made to the model since 2012, when NHTSA used
the model to estimate the effects, costs, and benefits of final CAFE standards for light-duty
vehicles produced during MYs 2017-2021, and augural standards for MYs 2022-2025. Some of
these changes specifically enable analysis of potential fuel consumption standards (and, hence,
related CO; emissions standards harmonized with fuel consumption standards) for heavy-duty
pickups and vans; other changes implement more general improvements to the model. Key
changes include the following:

e Expansion and restructuring of model inputs, compliance calculations, and reporting to
accommodate standards for heavy-duty pickups and vans, including attribute-based
standards involving targets that vary with “work factor”.

e Explicit calculation of test weight, taking into account test weight “bins™ and differences
in the definition of test weight for light-duty vehicles (curb weight plus 300 pound) and
heavy-duty pickups and vans (average of GVWR and curb weight).

e Procedures to estimate increases in payload when curb weight is reduced, increases in
towing capacity if GVWR is reduced, and calculation procedures to correspondingly
update calculated work factors.

e Expansion of model inputs, procedures, and outputs to accommodate technologies not
included in prior analyses.

e Changes to the algorithm used to apply technologies, enabling more explicit accounting
for shared vehicle platforms and adoption and “inheritance” of major engine changes.

e Expansion of the Monte Carlo simulation procedures used to perform probabilistic
uncertainty analysis.

These changes are reflected in updated model documentation available at NHTSA’s web
site, the documentation also providing more information about the model’s purpose, scope,
structure, design, inputs, operation, and outputs. DOT mvites comment on the updated model,
and in particular, on the updated handling of shared vehicle platforms, engines, and
transmissions, and on the new procedures to estimate changes to test weight, GVWR, and
GCWR as vehicle curb weight is reduced.
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(a) Product Cadence

Past comments on the CAFE model have stressed the importance of product cadence
i.e., the development and periodic redesign and freshening of vehicles—in terms of involving
technical, financial, and other practical constraints on applying new technologies, and DOT has
steadily made changes to the model with a view toward accounting for these considerations. For
example, early versions of the model added explicit “carrying forward” of applied technologies
between model years, subsequent versions applied assumptions that most technologies would be
applied when vehicles are freshened or redesigned, and more recent versions applied
assumptions that manufacturers would sometimes apply technology earlier than “necessary” in
order to facilitate compliance with standards in ensuing model years. Thus, for example, if a
manufacturer is expected to redesign many of its products in model years 2018 and 2023, and the
standard’s stringency increases significantly in model year 2021, the CAFE model will estimate
the potential that the manufactarer will add more technology than necessary for compliance in
MY 2018, in order to carry those product changes forward through the next redesign and
contribute to compliance with the MY 2021 standard.

The model also accommodates estimates of overall limits (expressed as “phase-in caps™
in model inputs) on the rates at which manufacturers” may practicably add technology to their
respective fleets. So, for example, even if a manufacturer is expected to redesign half of its
production in MY 2016, if the manufacturer is not already producing any strong hybrid electric
vehicles (SHEVs), a phase-in cap can be specified in order to assume that manufacturer will stop
applying SHEVs in MY 2016 once it has done so to at least 3% of its production in that model
year.

After the light-duty rulemaking analysis accompanying the 2012 final rule regarding
post-2016 CAFE standards and related GHG emissions standards, DOT staff began work on
CAFE model changes expected to better reflect additional considerations involved with product
planning and cadence. These changes, summarized below, interact with preexisting model
characteristics discussed above.

(b) Platforms and Technology

The term “platform” is used loosely in industry, but generally refers to a common
structure shared by a group of vehicle variants. The degree of commonality varies, with some
platform variants exhibiting traditional “badge engineering” where two products are
differentiated by little more than insignias, while other platforms be used to produce a broad
suite of vehicles that bear little outer resemblance to one another.

Given the degree of commonality between variants of a single platform, manufacturers
do not have complete freedom to apply technology to a vehicle: while some technologies (e.g.
low rolling resistance tires) are very nearly “bolt-on” technologies, others involve substantial
changes to the structure and design of the vehicle, and therefore necessarily are constant between
vehicles that share a common platform. DOT staff has, therefore, modified the CAFE model
such that all mass reduction and aero technologies are forced to be constant between variants of a
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platform. The agencies request comment on the suitability of this viewpoint, and which
technologies can deviate from one platform variant to another.

Within the analysis fleet, each vehicle is associated with a specific platform. As the
CAFE model applies technology, it first defines a platform “leader” as the vehicle variant of a
platform with the highest technology utilization vehicle of mass reduction and aerodynamic
technologies. As the vehicle applies technologies, it effectively harmonizes to the highest
common denominator of the platform. If there is a tie, the CAFE model begins applying
aerodynamic and mass reduction technology to the vehicle with the lowest average sales across
all available model years. If there remains a tie, the model begins by choosing the vehicle with
the highest average MSRP across all available model years. The model follows this formulation
due to previous market trends suggesting that many technologies begin deployment at the high-
end, low-volume end of the market as manufacturers build their confidence and capability in a
technology, and later expand the technology across more mainstream product lines.

In the HD pickup and van market, there is a relatively small amount of diversity in
platforms produced by manufacturers: typically 1-2 truck platforms and 1-2 van platforms.
However, accounting for platforms will take on greater significance in future analyses involving
the light-duty fleet, and the agency requests comments on the general use of platforms within
CAFE rulemaking.

(¢) Engine and Transmission Inheritance

In practice, manufacturers are limited in the number of engines and transmissions that
they produce. Typically a manufacturer produces a number of engines—perhaps six or eight
engines for a large manufacturer—and tunes them for slight variants in output for a variety of car
and truck applications. Manufacturers limit complexity in their engine portfolio for much the
same reason as they limit complexity in vehicle variants: they face engineering manpower
limitations, and supplier, production and service costs that scale with the number of parts
produced.

In previous usage of the CAFE model, engines and transmissions in individual models
were allowed relative freedom in technology application, potentially leading to solutions that
would, if followed, involve unaccounted-for costs associated with increased complexity in the
product portfolio. The lack of a constraint in this area allowed the model to apply different
levels of technology to the engine in each vehicle at the time of redesign or refresh, independent
of what was done to other vehicles using a previously identical engine.

In the current version of the CAFE model, engines and transmissions that are shared
between vehicles must apply the same levels of technology in all technologies dictated by engine
or transmission inheritance. This forced adoption is referred to as “engine inheritance™ in the
model documentation.

As with platform-shared technologies, the model first chooses an “engine leader” among
vehicles sharing the same engine. The leader is selected first by the vehicle with the lowest
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average sales across all available model years. If there is a tie, the vehicle with the highest
average MSRP across model years is chosen. The model applies the same logic with respect to
the application of transmission changes. As with platforms, this is driven by the concept that
vehicle manufacturers typically deploy new technologies in small numbers prior to deploying
widely across their product lines.

(d) Interactions between Regulatory Classes

Like earlier versions, the current CAFE model provides for integrated analysis spanning
different regulatory classes, accounting both for standards that apply separately to difterent
classes and for interactions between regulatory classes. Light vehicle CAFE standards are
specified separately for passenger cars and light trucks. However, there is considerable sharing
between these two regulatory classes. Some specific engines and transmissions are used in both
passenger cars and light trucks, and some vehicle platforms span these regulatory classes. For
example, some sport-utility vehicles are offered in 2WD versions classified as passenger cars and
4WD versions classified as light trucks. Integrated analysis of manufacturers’ passenger car and
light truck fleets provides the ability to account for such sharing and reduce the likelihood of
finding solutions that could involve impractical levels of complexity in manufacturers’ product
lines. In addition, integrated analysis provides the ability to simulate the potential that
manufactures could earn CAFE credits by overcomplying with one standard and use those
credits toward compliance with the other standard (i.e., to simulate credit transfers between
regulatory classes).

HD pickups and vans are regulated separately from light-duty vehicles. While
manufacturers cannot transfer credits between light-duty and MDHD classes, there is some
sharing of engineering and technology between light-duty vehicles and HD pickups and vans.
For example, some passenger vans with GVWR over 8,500 pounds are classified as medium-
duty passenger vehicles (MDPVs) and thus included in manufacturers’ light-duty truck fleets,
while cargo vans sharing the same nameplate are classified as HD vans.

While today’s analysis examines the HD pickup and van fleet in isolation, as a basis for
analysis supporting the planned final rule, the agencies intend to develop an overall analysis fleet
spanning both the light-duty and HD pickup and van fleets. Doing so could show some
technology “spilling over” to HD pickups and vans due, for example, to the application of
technology in response to current light-duty standards. More generally, modeling the two fleets
together should tend to more realistically limit the scope and complexity of estimated
compliance pathways.

The agencies anticipate that the impact of modeling a combined fleet will primarily arise
from engine-transmission inheritance. While platform sharing between the light-duty and MD
pickup and van fleets is relatively small (MDPVs aside), there are a number of instances of
engine and transmission sharing across the two fleets. When the fleets are modeled together, the
agencies anticipate that engine inheritance will be implemented across the combined fleet, and
therefore only one engine-transmission leader can be defined across the combined fleet. As with
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the fleets separately, all vehicles using a shared engine/transmission would automatically adopt
technologies adopted by the engine-transmission leader.

The agencies request comment on plans to analyze the light-duty and MD pickup and van
fleets jointly in support of planning for the final rule.

(e) Phase-In Caps

The CAFE model retains the ability to use phase-in caps (specified in model inputs) as
proxies for a variety of practical restrictions on technology application. Unlike vehicle-specific
restrictions related to redesign, refreshes or platforms/engines, phase-in caps constrain
technology application at the vehicle manufacturer level. They are intended to reflect a
manufacturer's overall resource capacity available for implementing new technologies (such as
engineering and development personnel and financial resources), thereby ensuring that resource
capacity is accounted for in the modeling process.

In previous CAFE rulemakings, redesign/refresh schedules and phase-in caps were the
primary mechanisms to reflect an OEM's limited pool of available resources during the
rulemaking time frame and the years leading up to the rulemaking time frame, especially in years
where many models may be scheduled for refresh or redesign. The newly-introduced
representation platform-, engine-, and transmission-related considerations discussed above
augment the model’s preexisting representation of redesign cycles and accommeodation of phase-
in caps. Considering these new constraints, inputs for today’s analysis de-emphasize reliance on
phase-in caps.

In this application of the CAFE model, phase-in caps are used only for the most advanced
technologies included in the analysis, i.e., SHEVs and lean-burn GDI engines, considering that
these technologies are most likely to involve implementation costs and risks not otherwise
accounted for in corresponding input estimates of technology cost. For these two technologies,
the agencies have applied caps that begin at 3% (i.e., 3% of the manufacturer’s production) in
MY 2017, increase at 3% annually during the ensuing nine years (reaching 30% in the MY
2026), and subsequently increasing at 5% annually for four years (reaching 50% in MY 2030).
The agencies request comment on the appropriateness of these phase-in caps as proxies for
constraints that, though not monetized by the agencies, nonetheless limit rates at which these two
technologies can practicably be deployed, and on the appropriateness of setting inputs to stop
applying phase-in caps to other technologies in this analysis. Comments on this issue should
provide imformation supporting any alternative recommended inputs.

(1) Impact of Vehicle Technology Application Requirements

Compared to prior analyses of light-duty standards, these model changes, along with
characteristics of the HD pickup and van fleet result in some changes in the broad characteristics
of the model’s application of technology to manufacturers’ fleets. First, since the number of HD
pickup and van platforms in a portfolio is typically small, compliance with standards may appear
especially “lumpy” (compared to previous applications of the CAFE model to the more highly
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segmented light-duty fleet), with significant overcompliance when widespread redesigns precede
stringency increases, and/or significant application of carried-forward (aka “banked”) credits.

Second, since the use of phase-in caps has been de-emphasized and manufacturer
technology deployment remains tied strongly to estimated product redesign and freshening
schedules, technology penetration rates may jump more quickly as manufacturers apply
technology to high-volume products in their portfolio.

By design, restrictions that enforce commonality of mass reduction and aerodynamic
technologies on variants of a platform, and those that enforce engine inheritance, will result in
fewer vehicle-technology combinations in a manufacturer’s future modeled fleet. These
restrictions are expected to more accurately capture the true costs associated with producing and
maintaining a product portfolio.

(g) Accounting for Test Weight, Payload, and Towing Capacity

As mentioned above, NHTSA has also revised the CAFE model to explicitly account for
the regulatory “binning” of test weights used to certify light-duty fuel economy and HD pickup
and van fuel consumption for purposes of evaluating fleet-level compliance with fuel economy
and fuel consumption standards. For HD pickups and vans, test weight (TW) is based on
adjusted loaded vehicle weight (ALVW), which is defined as the average of gross vehicle weight
rating (GVWR) and curb weight (CW). TW values are then rounded, resulting in TW “bins™:

ALVW £4.000 1b.: TW rounded to nearest 125 Ib.
4000 1b. < ALVW < 5,500 1b.: TW rounded to nearest 250 Ib.
ALVW > 5500 1b.: TW rounded to nearest 500 Ib.
This “binning” of TW is relevant to calculation of fuel consumption reductions
accompanying mass reduction. Model inputs for mass reduction (as an applied technology) are
expressed in terms of a percentage reduction of curb weight and an accompanying estimate of

the percentage reduction in fuel consumption, setting aside rounding of test weight. Therefore,
to account for rounding of test weight, NHTSA has modified these calculations as follows:

AFCunrounded_TW

AFC = ATW X
rounded TW ACW

where:
ACW = % change in curb weight (from model input),

AFCunrounded Tw = % change in fuel consumption (from model input), without TW
rounding,

ATW = % change in test weight (calculated), and
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AFCrounded Tw = % change in fuel consumption (calculated), with TW rounding.

As a result, some applications of vehicle mass reduction will produce no compliance
benefit at all, in cases where the changes in ALVW are too small to change test weight when
rounding is taken into account. On the other hand, some other applications of vehicle mass
reduction will produce significantly more compliance benefit than when rounding is not taken
into account, in cases where even small changes in ALVW are sufficient to cause vehicles’ test
weights to increase by, e.g., 500 pounds when rounding is accounted for. Model outputs now
include initial and final TW, GVWR, and GCWR (and, as before, CW) for each vehicle model in
each model year, and the agencies invite comment on the extent to which these changes to
account explicitly for changes in TW are likely to produce more realistic estimates of the
compliance impacts of reductions in vehicle mass.

In addition, considering that the regulatory alternatives in the agencies” analysis all
mvolve attribute-based standards in which underlying fuel consumption targets vary with “work
factor” (defined by the agencies as the sum of three quarters of payload, one quarter of towing
capacity, and 500 Ib. for vehicles with 4WD), NHTSA has modified the CAFE model to apply
nputs defining shares of curb weight reduction to be “returned” to payload and shares of GVWR
reduction to be returned to towing capacity. The standards’ dependence on work factor provides
some incentive to increase payload and towing capacity, both of which are buyer-facing
measures of vehicle utility. In the agencies’ judgment, this provides reason to assume that if
vehicle mass is reduced, manufacturers are likely to “return” some of the change to payload
and/or towing capacity. For this analysis, the agencies have applied the following assumptions:

o GVWR will be reduced by half the amount by which curb weight is reduced. In other
words, 50% of the curb weight reduction will be returned to payload.

e GCWR will not be reduced. In other words, 100% of any GVWR reduction will be
returned to towing capacity.

e GVWR/CW and GCWR/GVWR will not increase beyond levels observed among the
majority of similar vehicles (or, for outlier vehicles, initial values):

Table VI-12% Ratios for Medifying GVW and GCW as a Function of Mass Reduction

Maximum Ratios Assumed Enabled by
Mass Reduction

Group GVWR/CW GCWR/GVWR
Unibody 1.75 1.50
Gasoline pickups > 13k GVWR 2.00 1.50
Other gasoline pickups 1.75 2.25
Diesel SRW pickups 1.75 2.50
All other 1.75 2.25
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The first of two of these inputs are specified along with standards for each regulatory
alternative, and the GVWR/CW and GCWR/GVWR “caps” are specified separately for each
vehicle model in the analysis fleet.

In addition, DOT has changed the model to prevent HD pickup and van GVWR from
falling below 8,500 pounds when mass reduction is applied (because doing so would cause
vehicles to be reclassified as light-duty vehicles), and to treat any additional mass for hybrid
electric vehicles as reducing payload by the same amount (e.g., if adding a strong HEV package
to a vehicle involves a 350 pound penalty, GVWR is assumed to remain unchanged. such that
payload is also reduced by 350 pounds).

The agencies invite comment on these methods for estimating how changes in vehicle
mass may impact fuel consumption, GVWR, and GCWR, and on corresponding inputs to today’s
analysis.

(2) Development of the Analysis Fleet

As discussed above, the agencies used NHTSA’s CAFE modeling system to estimate
potential impacts under each regulatory alternative, including the no action alternative (which
reflects continuation of previously-promulgated standards). Impacts under each of the “action”
alternatives are calculated on an incremental basis relative to impacts under the no action
alternative. The modeling system relies on many inputs, including an analysis fleet. In order to
estimate the impacts of potential standards, it is necessary to estimate the composition of the
future vehicle fleet. Doing so enables estimation of the extent to which each manufacturer may
need to add technology in response to a given series of attribute-based standards, accounting for
the mix and fuel consumption of vehicles in each manufacturer’s regulated fleet. The agencies
create an analysis fleet in order to track the volumes and types of fuel economy -improving and
CO2-reducing technologies that are already present in the existing vehicle fleet. This aspect of
the analysis fleet helps to keep the CAFE model from adding technologies to vehicles that
already have these technologies, which would result in “double counting™ of technologies’ costs
and benefits. An additional step involved projecting the fleet sales into MYs 2019-2030. This
represents the fleet volumes that the agencies believe would exist in MYs 2019-2030. The
following presents an overview of the information and methods applied to develop the analysis
fleet, and some basic characteristics of that fleet.

The resultant analysis fleet is provided in detail at NHTSA’s web site, along with all
other inputs to and outputs from today’s analysis. The agencies invite comment on this analysis
fleet and, in particular, on any other information that should be reflected in an analysis fleet used
to update the agencies’ analysis for the final rule. Also, the agencies also invites comment on the
potential expansion of this analysis fleet such that the impacts of new HD pickup and van
standards can be estimated within the context of an integrated analysis of light-duty vehicles and
HD pickups and vans, accounting for interactions between the fleets.
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(a) Data sources

Most of the mformation about the vehicles that make up the 2014 analvsis fleet was gathered
from the 2014 Pre-Model Year Reports submitted to EPA by the manufacturers under Phase | of
Fuel Efficiency and GHG Emission Program for Medium- and Heavy-Duty Trucks. MYs 2014-
2018

The major manutacturers of class 2b and class 3 trucks (Chrysler, Ford and GM) were asked
to voluntarily submit updates to their Pre-Model Year Reports. Updated data were provided by
Chrysler and GM. These updated data were used in constructing the analysis fleet for these
manufacturers.

The agencies agreed to treat this information as Confidential Business Information (CBI)
until the publication of the NPRM. This information can be made public at this ime because by
now all MY 2014 vehiele models have been produced. which makes data about them essentially
public information |

These data (by individual vehicle configuration produced in MY2014) include: Projected
Production Volume/MY2014 Sales, Drive Type, Axle Ratio, Work Factor, Curb Weight, Test
Weight?¢, GVWR, GCWR, Fuel Consumption (gal/100 mile), engine type (gasoline or diesel),
engine displacement, transmission type and number of gears.

The column “Engine” of the Pre-Model Year report for each OEM was copied to the
column “Engine Code” of the vehicle sheet of the CAFE model market data input file.?” Values
of “Engine” were changed to Engine Codes for use in the CAFE model. The codes indicated on
the vehicle sheet map the detailed engine data on the engine sheet to the appropriate vehicle on
the vehicle sheet of the CAFE model input file.

The column “Trans Class™ of the Pre-Model Year report for each OEM was copied to the
column “Transmission Code™ of the vehicle sheet of the market data input file. Values of
“Trans Class” were changed to Transmission Codes for use in the CAFE model. The codes
indicated on the vehicle sheet map the detailed transmission data on the transmission sheet to the
appropriate vehicle on the vehicle sheet of the CAFE model input file.

In addition to information about each vehicle, the agencies need additional information
about the fuel economy-improving/COs-reducing technologies already on those vehicles in order
to assess how much and which technologies to apply to determine a path toward future
compliance. Thus, the agencies augmented this information with publicly-available data that
includes more complete technology descriptions. Specific engines and transmissions associated
with each manufacturer’s trucks were identified using their respective internet sites. Detailed
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technical data on individual engines and transmissions indicated on the engine sheet and
transmission sheet of the CAFE model input file were then obtained from manufacturer internet
sites, spec sheets and product literature, Ward’s Automotive Group and other commercial
internet sites such as cars.com, edmunds.com, and motortrend.com.3® Specific additional
information included:

o “Fuel Economy on Secondary Fuel” was calculated as E85 = .74 gasoline fuel economy,
or B20 = .98 diesel fuel economy. These values were duplicated in the columns “Fuel
Economy (Ethanol-85)” and “Fuel Economy (Biodiesel-20)” of the CAFE market data
mput file.

o Values in the columns “Fuel Share (Gasoline)”, “Fuel Share (Ethanol-85)”, “Fuel Share
(Diesel3-2),” and “Fuel Share (Biodiesel-20)” are Volpe assumptions. l

¢ The CAFE model also requires that values of Origin, Regulatory Class, Technology
Class, Safety Class, and Seating (Max) be present in the file in order for the model to run.
Placeholder values were added in these columns.

e In addition to the data taken from the OEM Pre Model Year submittals, NHTSA added
additional data for use by the CAFE model. These included Platform, Refresh Years,
Redesign Years, MSRP, Style, Structure and Fuel Capacity.*

e MSRP was obtained from web2carz.com and the OEM web sites.
e [uel capacity was obtained from OEM spec sheets and product literature.

e The Structure values (I.adder, Unibody) used by the CAFE model were added. These
were determined from OEM product literature and the automotive press. It should be
noted that the new vans such as the Transit in fact utilize a ladder/unibody structure.
Ford product literature uses the term “Uniladder™ to describe the structure. Vans based
on this structure are noted in the Vehicle Notes column of the NHTSA input file.

e Style values used by the CAFE model were also added: Chassis Cab, Cutaway, Pickup
and Van.

(b) Vehicle Redesign Schedules and Platforms
Product cadence in the Class 2b and 3 pickup market has historically ranged from 7-9

years between major redesigns. However, due to increasing competitive pressures and consumer
demands the agency anticipates that manufacturers will generally shift to shorter design cycles
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resembling those of the light duty market. Pickup truck manufacturers in the Class 2b and 3
segments are shown to adopt redesign cycles of six years, allowing two redesigns prior to the end
of the regulatory period in 2025. The agencies request comment on the anticipated future use of
redesign cycles in this product segment.

The Class 2b and 3 van market has changed markedly from five years ago. Ford, Nissan,
Ram and Daimler have adopted vans of “Euro Van™ appearance, and in many cases now use
smaller turbocharged gasoline or diesel engines in the place of larger, naturally-aspirated V8s.
The 2014 Model Year used in this analysis represents a period where most manufacturers, with
the exception of General Motors, have recently introduced a completely redesigned product after
many vears. The van segment has historically been one of the slowest to be redesigned of any
product segment, with some products going two decades or more between redesigns.

Due to new entrants in the field and increased competition, the agencies anticipate that
most manufacturers will increase the pace of product redesigns in the van segment, but that they
will continue to trail other segments. The cycle time used in this analysis is approximately ten
years between major redesigns, allowing manufacturers only one major redesign during the
regulatory period. The agencies request comment on this anticipated product design cycle.

Additional detail on product cadence assumptions for specific manufacturers is located in
Chapter 2 of the draft RIA.

(¢c) Sales Volume Forecast

Since each manufacturer’s required average fuel consumption and GHG levels are sales-
weighted averages of the fuel economy/GHG targets across all model offerings, sales volumes
play a critical role in estimating that burden. The CAFE model requires a forecast of sales
volumes, at the vehicle model-variant level, in order to simulate the technology application
necessary for a manufacturer to achieve compliance in each model year for which outcomes are
simulated.

For today’s analysis, the agencies relied on the MY 2014 pre-model-year compliance
submissions from manufacturers to provide sales volumes at the model level based on the level
of disaggregation in which the models appear in the compliance data. However, the agencies
only use these reported volumes without adjustment for MY 2014. For all future model years,
we combine the manufacturer submissions with sales projections from the 2014 Annual Energy
Outlook Reference Case and THS Automotive to determine model variant level sales volumes in
future years.*® The projected sales volumes by class that appear in the 2014 Annual Energy
Outlook as a result of a collection of assumptions about economic conditions, demand for
commercial miles traveled, and technology migration from light-duty pickup trucks in response
to the concurrent light-duty CAFE/GHG standards. These are shown in Chapter 2 of the draft
RIA.
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For this analysis, the agencies have limited this analysis fleet to class 2b and 3 HD
pickups and vans. However, especially considering interactions between the light-duty and HD
pickup and van fleets (e.g., MDPVs being included in the light-duty fleet), the agencies are
evaluating the potential to analyze the fleets in an integrated fashion for the final rule, and invite
comment on the extent to which doing so could provide more realistic estimates of the
incremental impacts of new standards applicable HD pickups and vans.

The projection of total sales volumes for the Class 2b and 3 market segment was based on
the total volumes in the 2014 AEO Reference Case. For the purposes of this analysis, the
AEO2014 calendar year volumes have been used to represent the corresponding model-year
volumes. While AEO2014 provides enough resolution in its projections to separate the volumes
for the Class 2b and 3 segments, the agencies deferred to the vehicle manufacturers and chose to
rely on the relative shares present in the pre-model-year compliance data.

The relative sales share by vehicle type (van or pickup truck, in this case) was derived
from a sales forecast that the agencies purchased from IHS Automotive, and applied to the total
volumes in the AEO2014 projection. Table VI-13Table- 3410 shows the implied shares of the l
total new 2b/3 vehicle market broken down by manufacturer and vehicle type.

Table VI-1318 THS Automotive Market Share Forecast for 2b/3 vehicles I

Model Year Market Share
Manufacturer | Style 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Daimler Van 3% 3% 3% 3% 3% 3% 3%
Fiat Van 2% 2% 2% 2% 2% 2% 3%
Ford Van 16% | 17% 17% 17% 18% | 18% | 18%
General Motors | Van 12% 12% 11% 12% 13% 13% 13%
Nissan Van 2% 2% 2% 2% 2% 2% 2%
Daimler Pickup | 0% 0% 0% 0% 0% 0% 0%
Fiat Pickup | 14% | 14% 14% 14% 11% | 12% | 12%
Ford Pickup | 28% | 27% | 30% | 30% | 30% | 27% | 26%
General Motors | Pickup | 23% | 23% | 21% | 21% | 21% | 22% | 23%
Nissan Pickup | 0% 0% 0% 0% 0% 0% 0%

Within those broadly defined market shares, volumes at the manufacturer/model-variant
level were constructed by applying the model-variant’s share of manufacturer sales in the pre-
model-year compliance data for the relevant vehicle style, and multiplied by the total volume
estimated for that manufacturer and that style.

After building out a set of initial future sales volumes based on the sources described
above, the agencies attempted to incorporate new information about changes in sales mix that
would not be captured by either the existing sales forecasts or the simulated technology changes
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in vehicle platforms. In particular, Ford has announced intentions to phase out their existing
Econoline vans, gradually shifting volumes to the new Transit platform for some model variants
(notably chassis cabs and cutaways variants) and eliminating offerings outright for complete
Econoline vans as early as model year 2015, In the case of complete Econoline vans, the
volumes for those vehicles were allocated to MY?2015 Transit vehicles based on assumptions
about likely production splits for the powertrains of the new Transit platform. The volumes for
complete Econoline vans were shifted at ratios of 50%, 35%, and 15% for 3.7 L, 3.5 1. Eco-
boost, and 3.2 L diesel, respectively. Within each powertrain, sales were allocated based on the
percentage shares present in the pre-model-year compliance data. The chassis cab and cutaway
variants of the Econoline were phased out linearly between MY2015 and MY2020, at which
time the Econolines cease to exist in any form and all corresponding volume resides with the
Transits.

(3) Additional Technology Cost and Effectiveness Inputs

In addition to the base technology cost and effectiveness inputs described in VI. ¥h£C-of
this preamble, the CAFE model has some additional cost and effectiveness inputs, described as
follows.

The CAFE model accommodates inputs to adjust accumulated effectiveness under
circumstances when combining multiple technologies could result in underestimation or
overestimation of total incremental effectiveness relative to an “unevolved” baseline vehicle.
These so-called synergy factors may be positive, where the combination of the technologies
results in greater improvement than the additive improvement of each technology, or negative,
where the combination of the technologies is lower than the additive improvement of each

Table VI-148 Technology Pair Effectiveness Synergy Factors for HD Pickups and Vans

Technology
Pair Adjustment Technology Pair | Adjustment
8SPD/CCPS -4.60% 1IATC/CCPS -1.30%
8SPD/DEACO -4.60% IATC/DEACO -1.30%
8SPD/ICP -4.60% IATC/ICP -1.30%
8SPD/TRBDSI 4.60% IATC/TRBDSI1 1.30%
AFERO2/SHEV1 1.40% MR1/CCPS 0.40%
CCPS/IACCI -0.40% MRI1/DCP 0.40%
CCPS/TACC2 -0.60% MRI1/VVA 0.40%
DCPAACCI -0.40% MR2/ROLL1 -0.10%
DCP/AACC2 -0.60% MR2/SHEV1 -0.40%
DEACD/IATC -0.10% NAUTO/CCPS -1.70%
DEACO/TACC2 -0.80% NAUTO/DEACO -1.70%
DEACO/MHEV -0.70% NAUTO/ICP -1.70%
Page-of
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DEACS/TATC -0.10% NAUTO/SAX -0.40%
DTURB/IATC 1.00% NAUTO/TRBDS1 1.70%
DTURB/MHEV -0.60% ROLL1/AERO1 0.10%
DTURB/SHEV1 -1.00% ROLL1/SHEV1 1.10%
DVVLD/8SPD -0.60% ROLL2/AERO2 0.20%
DVVLD/IACC2 -0.80% SHFTOPT/MHEV -0.30%
DVVLI/IATC -0.60% TRBDS1/MHEV 0.80%
DVVLD/MHEV -0.70% TRBDS1/SHEV1 -3.30%
DVVLS/8SPD -0.60% TRBDS1I/VVA -8.00%
DVVLS/IACC2 -0.80% TRBDS2/EPS -0.30%
DVVLS/IATC -0.50% TRBDS2/IACC2 -0.30%
DVVLS/MHEV -0.70% TRBDS2/NAUTO -0.50%
VVA/MTACCI -0.40%

VVA/TACC2 -0.60%

VVA/TATC -0.60%

The CAFE model also accommodates inputs to adjust accumulated incremental costs
under circumstances when the application sequence could result in underestimation or
overestimation of total incremental costs relative to an “unevolved” baseline vehicle. For
today’s analysis, the agencies have applied one such adjustment, increasing the cost of medium-
sized gasoline engines by $513 in cases where turbocharging and engine downsizing is applied
with variable valve actuation.

The agencies also applied cost inputs to address some costs encompassed neither by the
agencies’ estimates of the direct cost to apply these technologies, nor by the agencies’ methods
for “marking up” these costs to arrive at increases in the new vehicle purchase costs. To account
for the additional costs that could be incurred if a technology is applied and then quickly
replaced, the CAFE model accommodates inputs specifying a “stranded capital cost” specific to
each technology. For today’s analysis, the agencies applied inputs to apply about $78 of
additional cost (per engine) if gasoline engine turbocharging and downsizing (separately for each
“level” considered) is applied and then immediately replaced, declining steadily to zero by the
tenth model year following mitial application of the technology. The model also accommodates
inputs specifying any additional changes owners might incur in maintenance and post-warranty
repair costs. For today’s analysis, the agencies applied inputs indicating that vehicles equipped
with less rolling-resistant tires could incur additional tire replacement costs equivalent to $21-
$23 (depending on model year) in additional costs to purchase the new vehicle. The agencies did
not, however, include inputs specifying any potential changes repair costs that might accompany
application of any of the above technologies. The agencies’ sensitivity analysis, discussed
below, includes a case in which repair costs are estimated using factors consistent with those
underlying the indirect cost multipliers used to mark up direct costs for the agencies’ central
analysis.
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The agencies invite comment on all efficacy and cost inputs involved in today’s analysis
and request that commenters provide any additional data or forward-looking estimates that could
be used to support alternative inputs, including those related to costs bevond those reflected in
the cost to purchase new vehicles.

(4) Other Analysis Inputs

In addition to the mputs summarized above, the agencies’ analysis of potential standards for
HD pickups and vans makes use of a range of other estimates and assumptions specified as
mputs to the CAFE modeling system. Some significant inputs (e.g., estimates of future fuel
prices) also applicable to other MDDHD segments are discussed below in Section IX. Others
more specific to the analysis of HD pickups and vans are as follows:

(a) Vehicle Survival and Mileage Accumulation:

Today’s analysis estimates the travel, fuel consumption, and emissions over the useful
lives of vehicles produced during model years 2014-2030. Doing so requires initial estimates of
these vehicles® survival rates (i.e., shares expected to remain in service) and mileage
accumulation rates (i.e., anticipated annual travel by vehicles remaining in service), both as a
function of vehicle vintage (i.e., age). The agencies’ estimates are based on an empirical
analysis of changes in the fleet of registered vehicles over time, in the case of survival rates, and
usage data collected as part of the last Vehicle In Use Survey (the 2002 VIUS), in the case of
mileage accumulation.

(b) Rebound Effect

Expressed as an elasticity of mileage accumulation with respect to the fuel cost per mile
of operation, the agencies have applied a rebound effect of 10% for today’s analysis.

(¢) On-Road "Gap"

The agencies have applied a 20% adjustment to reflect differences between on-road and
laboratory performance.

(d) Fleet Population Profile

Though not reported here, cumulative fuel consumption and CO» emissions are presented
in the accompanying draft EIS, and these calculations utilize estimates of the numbers of
vehicles produced in each model year remaining in service in calendar year 2014. The initial age
distribution of the registered vehicle population in 2014 is based on vehicle registration data
acquired by NHTSA from R.L. Polk Company.
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(e) Past Fuel Consumption Levels

Though not reported here, cumulative fuel consumption and CO; emissions are presented
in the accompanying draft EIS, and these calculations require estimates of the performance of
vehicles produced prior to model year 2014. Consistent with AEO 2014, the agencies have
assumed that gasoline and diesel HD pickups and vans averaged 14.9 mpg and 18.6 mpg,
respectively, with gasoline versions averaging about 48% of production.

(f) Long-Term Fuel Consumption Levels

Though not reported here, longer-term estimates of fuel consumption and emissions are
presented in the accompanying draft EIS. These estimates include calculations involving vehicle
produced after MY 2030 and, consistent with AEO 2014, the agencies have assumed that fuel
consumption and CO; emission levels will continue to decline at 0.05% annually (compounded)
after MY 2030.

(g) Payback Period

To estimate in what sequence and to what degree manufacturers might add fuel-saving
technologies to their respective fleets, the CAFE model iteratively ranks remaining opportunities
(1.e., applications of specific technologies to specific vehicles) in terms of effective cost, primary
components of which are the technology cost and the avoided fuel outlays, attempting to
minimize effective costs incurred.*! Depending on inputs, the model also assumes manufacturers
may improve fuel consumption beyond requirements insofar as doing so will involve
applications of technology at negative effective cost—i.e., technology application for which
buyers’ up-front costs are quickly paid back through avoided fuel outlays. This calculation
mclades only fuel outlays occurring within a specified payback period. For today’s analysis, the
agencies have applied a payback period of 6 months. Thus, for example, a manufacturer already
in compliance with standards will be projected to apply a fuel consumption improvement
projected to cost $250 (i.e., as a cost that could be charged to the buyer at normal profit to the
manufacturer) and reduce fuel costs by $500 in the first year of vehicle operation. The agencies
have also conducted the same analysis applyving a feedback of O months (i.e., assuming
manufacturers would not be at all responsive to fuel prices). This method of estimating
“voluntary” fuel consumption improvements is discussed further in Section IX, below.

th) Civil Penalties

EPCA and EISA require that a manufacturer pay civil penalties if it does not have enough
credits to cover a shortfall with one or both of the light-duty CAFE standards in a model year.
While these provisions do not apply to HD pickups and vans, at this time, the CAFE model will
show civil penalties owed in cases where available technologies and credits are estimated to be
insufficient for a manufacturer to achieve compliance with a standard. We have excluded these
model-reported estimates from today’s analysis.

4l Add reference to model documentation.
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(i) Coefficients for Fatality Calculations

Today’s analysis includes estimates of the extent to which HD pickups and vans
produced during MY's 2014-2030 may be involved in fatal crashes, considering the mass,
survival, and mileage accumulation of these vehicles, taking into account changes in mass and
mileage accumulation under each regulatory alternative. These calculations make use of the
same coefficients applied to light trucks by DOT 1n its 2012 rulemaking analysis supporting
post-2017 CAFE standards.*> Baseline rates of involvement in fatal crashes are 13.03 and 13.24
fatalities per billion miles for vehicles with initial curb weights above and below 4,594 pounds,
respectively. Considering that the data underlying the corresponding statistical analysis included
observations only through calendar year 2010, these rates are reduced by 9.6% to account for
subsequent impacts of recent Federal Motor Vehicle Safety Standards (FMVSS) and anticipated
behavioral changes (e.g., continued increases in seat belt use). For vehicles above 4,594
pounds—i.e., the majority of the HD pickup and van tleet—mass reduction is estimated to
reduce the net incidence of highway fatalities by 0.34% per 100 pounds of removed curb weight,
because in crashes involving multiple vehicles, fatalities among occupants of other vehicles will
be reduced. For the few HD pickups and vans below 4,594 pounds, mass reduction is estimated
to increase the net incidence of highway fatalities by 0.52% per 100 pounds. Consistent with
new DOT guidance, the social cost of highway fatalities is estimated using a VSI. (value of
statistical life) of $9.36m in 2014, increasing thereafter at 1.18% annually.*3

1) Compliance Credit Provisions

Today’s analysis accounts for the potential to svereomplyover comply with standards and
thereby earn compliance credits, applying these credits to ensuing compliance requirements. In
doing so, the agencies treat any unused carried-forward credits as expiring after five model years,
consistent with current and proposed standards. For today’s analysis, the agencies are not
estimating the potential to “borrow”—i.e., to carry credits back to past mode years.

(k) Emission Factors

While CAFE model calculates vehicular CO; emissions directly on a per-gallon basis
using fuel consumption and fuel properties (density and carbon content), the model calculates
emissions of other pollutants (methane, nitrogen oxides, ozone precursors, carbon monoxide,
sulfur dioxide, particulate matter, and air toxics) on a per-mile basis. In doing so, the agencies
have applied corresponding emission factors estimated using EPA’s MOVES model. ™ To
estimate emissions (including CO;) from upstream processes involved in producing, distributing,

2 NHTSA, “Corporate Average Fuel Economy for MY 2017-MY 2025 Passenger Cars and Light Trucks — Final
Regulatory Analysis”, pp. 1024-1025. Available at

 hitp://www.dot.gov/

b/ s/dot.gov/files/docs/VSL Guidance 2014.pdf.
#“ Add reference.
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and delivering fuel, the agencies have applied emission factors—all specified on a gram per
gallon basis—derived from Argonne National Laboratory’s GREET model.#

(1) Refueling Time Benefits

To estimate the value of time savings associated with vehicle refueling, the agencies have
applied estimates that an average refueling event involves refilling 60% of the tank’s capacity
over the course of 3.5 minutes, at an hourly cost of $27.22.

(m) External Costs of Travel

Changes in vehicle travel will entail economic externalities. To estimate these costs, the
agencies have applied estimates that congestion-, accident-, and noise-related externalities will
total 5.1 ¢/mi., 2.8 ¢/mi., and 0.1 ¢/mi., respectively.

(n) Ownership and Operating Costs

The agencies anticipate that the total cost of vehicle ownership and operation will change not just
due to changes in vehicle price and fuel outlays, but also due to some other costs likely to vary
with vehicle price. To estimate these costs, the agencies have applied factors of 5.5% (of price)
for taxes and fees, 15.3% for financing, 19.2% for insurance, 1.9% for relative value loss. The
agencies have also estimate that average vehicle resale value will increase by 25% of any
increase in new vehicle price.

(5) Impacts of Regulatory Alternatives
(a) Industry Impacts

The agencies’ analysis fleet provides a starting point for estimating the extent to which
manufacturers might add fuel-saving (and, therefore, COs-avoiding) technologies under various
regulatory alternatives, including the no-action alternative that defines a baseline relative to
which to measure estimated impacts of new standards. The analysis fleet is a forward-looking
projection of production of new HD pickups and vans, holding vehicle characteristics (e.g.,
technology content and fuel consumption levels) constant at model year 2014 levels, and
adjusting production volumes based on recent DOE and commercially-available forecasts. This
analysis fleet includes some significant changes relative to fleet information underlying analysis
supporting the establishment of Phase 1 standards applicable starting in model vear 2014; in
particular, the analysis fleet includes some new HD vans (e.g., Ford’s Transit and Fiat/Chrysler’s
Promaster) that are considerable more fuel-efficient than HD vans these manufacturers have
previously produced for the U.S. market.

While the proposed standards are scheduled to begin in model year 2021, the
requirements they define for model years 2021-2025 are likely to influence planning decisions

4 Add reference.
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made by manufacturers several years before they begin. This is true in light-duty planning, but
accentuated by the comparatively long redesign cycles and small number of models offered for
sale in the 2b/3 market segment. Additionally, manufacturers will respond to the cost and
efficacy of available fuel consumption improvements, the price of fuel, and the requirements of
the Phase 1 standards that specify maximum allowable average fuel consumption improvements
and GHG levels for MY2014-MY2018 vehicles (the final standard for MY2018 1s held constant
for model years 2019 and 2020). The forward-looking nature of product plans that determine
which vehicle models will be offered in the model years affected by the proposed standards lead
to additional technology application to vehicles in the analysis tleet that occurs in the years prior
to the start of the proposed standards. From the industry perspective, this means that
manufacturers will incur costs to comply with the proposed standards in the baseline and that the
total cost of the proposed regulations will include some costs that occur prior to their start, and
represent incremental changes over a world in which manufacturers will have already modified
their vehicle offerings compared to today.

Table VI-15%2: MY2021 baseline costs for manufacturers in 2b/3 market segment

Manufacturer Average Total Cost
Technology Cost Increase (Sm)

Chrysler/Fiat 275 27
Daimler 18 0.4
General Motors 782 192
Ford 258 78
Nissan 282 3.3
Industry 442 300

As Table VI-15Fable- 3112 shows, the industry as a whole is expected to add about $440
of new technology to each new vehicle model by 2021 under the no-action alternative defined by
the Phase 1 standards. Reflecting differences in projected product offerings in the analysis fleet,
some manufacturers (notably Daimler) are significantly less constrained by the Phase 1 standards
than others and face lower cost increases as a result. General Motors (GM) shows the largest
increase in average vehicle cost, but results for GM’s closest competitors (Ford and
Chrysler/Fiat) do not include the costs of their recent van redesigns, which are already present in
the analysis fleet (discussed in greater detail below).

The above results reflect the assumption that manufacturers having achieved compliance
with standards might act as if buyers are willing to pay for further fuel consumption
improvements that “pay back™ within 6 months. It is also possible, however unlikely, that
manufacturers will not respond to buyers’ demand for additional fuel economy as a result of
increased fuel prices by any amount, and will choose not to migrate cost-effective technologies
to the 2b/3 market segment from similar vehicles in the light-duty market. To examine this
possibility, the agencies have also analyzed all regulatory alternatives using a O-month payback
period in lieu of the 6-month payback period discussed above. (The agencies’ sensitivity
analysis, discussed below, also explores longer payback periods, as well as the combined effect
of payback period and fuel price.) Resultant technology costs in model year 2021 results for the
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no-action alternative, summarized in Table VI-16Fable V113 below, are quite similar to those | .| Field Code Changed

shown above for the 6-month payback period:

Table VI-1643: MY2021 baseline costs if manufacturers only respond to regulatory pressure ]

Manufacturer Averaggo’{tezg)nology Total C? g:ltn §ncrease
Chrysler/Fiat 268 27
Daimler 0 0
General Motors 767 188
Ford 248 75
Nissan 257 3
Industry 431 292

The results below represent the impacts of other regulatory alternatives, including those
defined by the proposed standards, as incremental changes over the baseline, where the baseline
is defined as the state of the world that is most likely to occur in the absence of the proposed
regulatory action. Large-scale, macroeconomic conditions like fuel prices are constant across all
alternatives, including the baseline, as are the fuel economy improvements under the no-action
alternative defined by the Phase 1 MDHD rulemaking that covers model years 2014 — 2018 and
is constant from model year 2018 through 2020. In the baseline scenario, the Phase 1 standards
are assumed to remain in place and at 2018 levels throughout the analysis (i.e. MY 2030). The
only difference between the definitions of the alternatives is the stringency of the proposed
standards for MYs 2021 — 2025, and all of the differences in outcomes across alternatives are
attributable to differences in the standards.

The standards vary in stringency across regulatory alternatives (1 — 5), but as discussed
above, all of the standards are based on the curve developed in the Phase 1 standards that relate
fuel economy and GHG emissions to a vehicle’s work factor. The alternatives considered here
represent different rates of annual increase in the curve defined for model year 2018, growing
from a 0% annual increase (Alternative 1, the baseline or “no-action” alternative) up to a 4%
annual increase (Alternative 5). Table VI-17Table-¥I-14 shows a summary* of outcomes by
alternative incremental to the baseline (Alternative 1) for Model Year 203047, with the exception
of technology penetration rates, which are absolute.

4 The agencies generated hundreds of outputs related to economic and environmental impacts, each available
technology, and the costs associated with the rule. A more comprehensive treatment of these outputs appears in
Appendix [to the RIAJ.

47 The agencies have estimated that redesign schedules will “straddle” model year 2025, the latest year for which the
agencies are proposing increases in the stringency of fuel consumption and GHG standards. Considering also that
today’s analysis estimates some earning and application of “carried forward” compliance credits, the agencies have
extended today’s analysis through model year 2030.
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The technologies applied by the CAFE model have been grouped (in most cases) to give
readers a general sense of which types of technology are applied more frequently than others,
and are more likely to be offered in new class 2b/3 vehicles once manufacturers are fully
compliant with the standards in the alternative. Model year 2030 was chosen to account for
technology application that occurs once the standards have stabilized, but manufacturers are still
redesigning products to achieve compliance — generating technology costs and benefits in those
model years. The summaries of technology penetration are also intended to reflect the
relationship between technology application and cost increases across the alternatives. The table
rows present the degree to which specific technologies will be present in new class 2b and class
3 vehicles in 2030, and correspond to: Variable valve timing (VVT) and/or variable valve lift
(VVL), cylinder deactivation, direct injection, engine turbocharging, 8-speed automatic
transmissions, electric power-steering and accessory improvements, micro-hybridization (which
reduces engine idle, but does not assist propulsion), full hybridization (integrated starter
generator or strong hybrid that assists propulsion and recaptures braking energy), and
aerodynamic improvements to the vehicle shape. In addition to the technologies in the following
tables, there are some lower-complexity technologies that have high market penetration across
all the alternatives and manufacturers; low rolling-resistance tires, low friction lubricants, and
reduced engine friction, for example. (NOTE: THE SINGLE MODEL YEAR TABLES MAY
BE CHANGED TO REFLECT VALUES FOR MY 2027, WHICH ARE NEARLY
INDISTINGUISHABLE FROM WHAT APPEARS BELOW.)

Table VI-1784: Summary of 2b/3 Alternatives’ impact on industry

Standard Increases | 2.0%/y | 2.75%/y | 335%/y | 4.0%y
Average Fuel Economy (miles per gallon)
Required 19.04 19.81 20.57 21.14
Achieved 19.14 20.05 20.83 21.27
Average Fuel Consumption (gallons /100 mi.)
Required 5.25 5.05 4.86 4.73
Achieved 522 4.99 4.80 4.70
Average Greenhouse Gas Emissions (g/mi)
Required 495 476 458 446
Achieved 491 470 453 444
Technology Penetration (%)

VVT and/or VVL 46 46 46 46
Cylinder Deac. 29 21 21 21
Direct Injection 17 25 31 32
Turbocharging 55 63 63 63

8-Speed AT 67 90 96 97
EPS, Accessories 50 74 78 76
Stop Start 0 0 3 14
Hybridization? 0 5 25 50
Aero. Improvements 23 62 78 75
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Mass Reduction (vs. No-Action)
CW (1b.) 239 211 325 313
CW (%) 3.7 32 5.0 4.8
Technology Cost (vs. No-Action)
Average ($) 578 1,015 1,655 2,080
Total ($m) 437 767 1,251 1,572

In general, the standards cause manufacturers to produce HD pickups and vans that are
lighter, more aerodynamic, and more technologically complex across all the alternatives. As
Table VI-17%able- 31134 shows, there is a difference between the relatively small increases in |
required fuel economy and average incremental technology cost between the alternatives,
suggesting that the challenge of improving fuel consumption and CO; emissions accelerates as
stringency increases (i.e., that there may be a “knee” in the relationship between technology cost
and reductions in fuel consumption/GHG emissions). Despite the fact that the required average
fuel consumption level changes by about 3 percent between Alternative 4 and Alternative 5,
average technology cost increases by more than 25 percent. The contrast between alternatives 3
and 4 is even more prominent, with a required fuel economy improvement of less than 4 percent
leading to price increases greater than 60 percent. These differences help illustrate the clustered
character of this market segment, where relatively small increases in fuel economy can lead to
much larger cost increases if entire platforms must be changed in response to the standards.

Mamufacturers offer few models, typically only a pickup truck and/or a cargo van, and
while there are a large number of variants of each model, the degree of component sharing across
the variants can make diversified technology application either economically impractical or
impossible. This forces manufacturers to apply some technologies more broadly in order to
achieve compliance than they might do in other market segments (passenger cars, for example).
This difference between broad and narrow application — where some technologies must be
applied to entire platforms, while some can be applied to individual model variants — also
explains why certain technology penetration rates decrease between alternatives of increasing
stringency (aerodynamic improvements or mass reductions in , for example). For those cases,
narrowly applying a more advanced (and costly) technology can be a more cost effective path to
compliance and lead to reductions in the amount of lower-complexity technology that is applied.

One driver of the change in technology cost between Alternative 3 and Alternative 4 1s
the amount of hybridization resulting from the implementation of the standards. While only
about 5 percent full hybridization (defined as either integrated starter-generator or strong hybrid)
is expected to be required to comply with Alternative 3, the relatively small increase in
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stringency between Alternative 3 and Alternative 4 is enough to increase the percentage of the
fleet adopting full hybridization by a factor of 5. To the extent that manufacturers are concerned
about introducing hybrid vehicles in the 2b and 3 market, it is worth noting that Alternative 3
achieves about 96 percent of the fuel economy in Alternative 4, with almost no :
hybridization required-i W

The alternatives also lead to important differences in outcomes at the manufacturer level,
both from the industry average and from each other. General Motors, Ford, and Chrysler (Fiat),
are expected to have approximately 95 percent of the 2b/3 new vehicle market during the years
that the proposed standards are in effect. Due to their importance to this market and the
similarities between their model offerings, these three manufacturers are discussed together and a
summary of the way each is impacted by the standards appears below in Table VI-18Table
345, Table VI-19%able- 116, and Table VI-20%able N33 for General Motors, Ford, and

Chrysler/Fiat, respectively.

Table VI-1845: Summary of impacts on General Motors by 2030

Standard 2.0%fy 2.75%4y 3.5%/y 4.0%ly
Increases
Average Fuel Consumption (gallons /100 mi.)
Required 18.38 19.19 20 20.53
Achieved 18.43 19.18 20.24 20.51
Average Fuel Consumption (gallons /100 mi.)
Required 5.44 5.21 5 4.87
Achieved 5.42 5.21 4.94 4.87
Average Greenhouse Gas Emissions (g/mi)
Required 507 486 467 455
Achieved 505 486 461 455
Technology Penetration (%)
VVT and/or
VVI 64 64 64 64
Cylinder Deac. 47 47 47 47
Direct Injection 18 18 36 36
Turbocharging 53 53 53 53
8-Speed AT 36 100 100 100
EPS, Accessories 100 100 100 100
Stop Start 0 0 9 0
Hybridization 0 9 54 100
Aero.
Improvements 64 100 100 100
Mass Reduction (vs. No-Action)
i)age < ﬁ
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CW (Ib.) 325 198 158 164
CW (%) 53 32 2.6 2.7
Technology Cost (vs. No-Action)

Average ($) 785 1,366 2,244 2,736
Total ($m) 214 372 611 746

Table VI-}131é: Summary of impacts on Ford by 2030

Standard 2.0%fy 2.75%}y 3.5%/y 4.0%ly
Increases
Average Fuel Consumption (gallons /100 mi.)
Required 19.42 202 20.92 21.51
Achieved 19.5 20.72 21.28 21.8
Average Fuel Consumption (gallons /100 mi.)
Required 515 4.95 4.78 4.65
Achieved 5.13 4.83 47 4.59
Average Greenhouse Gas Emissions (g/mi)
Required 485 466 450 438
Achieved 482 454 443 433
Technology Penetration (%)
VVT and/or
VI 34 34 34 34
Cylinder Deac. 18 0 0 0
Direct Injection 16 34 34 34
Turbocharging 51 69 69 69
8-Speed AT 100 100 100 100
EPS, Accessories 30 60 59 59
Stop Start 0 0 0 32
Hybridization 0 3 12 27
Aero.
Improvements 0 60 60 60
Mass Reduction (vs. No-Action)
CW (Ib.) 210 199 379 356
CW (%) 32 3 57 53
Technology Cost (vs. No-Action)
Average ($) 506 916 1,353 1,801
Total ($m) 170 307 454 604
Pageof
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Table VI-2817: Summary of impacts on Fiat/Chrysler by 2030

Standard 2.0%fy 2.75%/y 3.5%/y 4.0%/y
Increases
Average Fuel Economy (miles per gallon)
Required 18.73 19.38 20.12 20.70
Achieved 18.83 19.36 20.10 20.70
Average Fuel Consumption (gallons /100 mi.)
Required 5.34 5.16 4.97 483
Achieved 5.31 5.16 4.97 483
Average Greenhouse Gas Emissions (g/mi)
Required 515 497 479 466
Achieved 512 498 480 467
Technology Penetration (%)
VVT and/or 40 40 40 40
Cylinder Deac. 23 23 23 23
Direct Injection 17 17 17 17
Turbocharging 74 74 74 74
8-Speed AT 65 65 88 88
EPS, Accessories 0 79 83 83
Stop-Start 0 0 0 0
Hybridization 0 0 2 12
Aero.
Improvements 0 0 100 &
Mass Reduction (vs. No-Action)
CW (1b) 196 354 648 617
CW (%) 2.8 5 9.1 8.7
Technology Cost (vs. No-Action)
Average ($) 434 703 1,486 1,700
Total ($m) 48 78 164 188

The fuel consumption and GHG standards require manufacturers to achieve an average
level of compliance, represented by a sales-weighted average across the specific targets of all
vehicles offered for sale in a given model year, such that each manufacturer will have a unique
required consumption/emissions level determined by the composition of its fleet, as illustrated
above. However, there are more interesting differences than the small differences in required
fuel economy levels among manufacturers. In particular, the average incremental technology
cost increases with the stringency of the alternative for each manufacturer, but the size of the
cost increase from one alternative to the next varies among them, with General Motors and
Fiat/Chrysler showing considerably larger increases in cost moving from Alternative 3 to
Alternative 4, than from either Alternative 3 from Alternative 2 or Alternative 5 from Alternative
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4. Ford is estimated to have more uniform cost increases from each alternative to the next, in
increasing stringency.

The simulation results show all three manufacturers facing large cost increases when the
stringency of the standards move from 2.75 percent to 3.5 percent per-year increases, but
General Motors has the largest at 35 percent more than the industry average price increase for
Alternative 4. GM also faces higher cost increases in Alternative 2, at least 50 percent more than
either of its competitors. And for the most stringent alternative considered, the agencies estimate
that General Motors would face average cost increases of more than $2,700, in addition to the
more than $700 increase in the baseline — approaching nearly $3,500 per vehicle over today’s
prices.

Technology choices also differ by manufacturer, and some of those decisions are directly
responsible for the largest cost discrepancies. For example, GM is estimated to engage in the
least amount of mass reduction among the Big 3 after Phase 1, and much less than Chrysler/Fiat,
but reduces average vehicle mass by over 300 pounds in the baseline — suggesting that some of
GM'’s easiest Phase 1 compliance opportunities can be found in lightweighting technologies.
Similarly, Chrysler/Fiat applies less hybridization than the others, and much less than General
Motors, which is simulated to have full hybrids (either integrated starter generator or complete
hybrid system) on all of its fleet by 2030, nearly 20 percent of which will be strong hybrids, in
Alternative 4 and the strong hybrid share decreases to about 18 percent in Alternative 5, as some
lower level technologies are applied more broadly. Because the agencies’ analysis applies the
same technology inputs and the same logic for selecting among available opportunities to apply
technology, the unique situation of each manufacturer determined which technology path was the
most cost-effective.

In order to understand the differences in incremental technology costs and fuel economy
achievement across manufacturers in this market segment, it is important to understand the
differences in their starting position relative to the proposed standards. One important factor,
made more obvious in the following figures, is the difference between the fuel economy and
performance of the recently redesigned vans offered by Fiat/Chrysler and Ford (the Promaster
and Transit, respectively), and the more traditionally-styled vans that continue to be offered by
General Motors (the Express/Savannah). In MY 2014, Ford began the phase-out of the
FHeonoline van platform, moving those volumes to the Euro-style Transit vans (discussed in more
detail in Section V1. ¥-3:13.2). The Transit platform represents a significant improvement over |
the existing Econoline platform from the perspective of fuel economy, and for the purpose of
complying with the standards, the relationship between the Transit’s work factor and fuel
economy is a more favorable one than the Econoline vans it replaces. Since the redesign of van
offerings from both Chrysler/Fiat and Ford occur in (or prior to) the 2014 model year, the costs,
fuel consumption improvements, and reductions of vehicle mass associated with those redesigns
are included in the analysis fleet, meaning they are not carried as part of the compliance
modeling exercise. By contrast, General Motors is simulated to redesign their van offerings after
2014, such that there is a greater potential for these vehicles to incur additional costs attributable
to new standards, unlike the costs associated with the recent redesigns of their competitors. The
inclusion of these new Ford and Chrysler/Fiat products in the analysis fleet is the primary driver
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of the cost discrepancy between GM and its competitors in both the baseline and Alternative 2,
when Ford and Chrysler/Fiat have to apply considerably less technology to achieve compliance.

The remaining 5 percent of the 2b/3 market is attributed to two manufacturers, Daimler
and Nissan, which, unlike the other manufacturers in this market segment, only produce vans.
The vans offered by both manufacturers currently utilize two engines and two transmissions,
although both Nissan engines are gasoline engines and both Daimler engines are diesels. Despite
the logical grouping, these two manufacturers are impacted much differently by the proposed
standards. For the least stringent alternative considered, Daimler adds no technology and incurs
no incremental cost in order to comply with the standards. At stringency increases greater than
or equal to 3.5 percent per year, Daimler only really improves some of their transmissions and
improves the electrical accessories of its Sprinter vans. By contrast, Nissan’s starting position is
much weaker and their compliance costs closer to the industry average in Table VI-17%able
3114, This difference could increase if the analysis fleet supporting the final rule includes
forthcoming Nissan HD pickups.

Table VI-2113: Summary of impacts on Daimler by 2030

Standard Increases 2.0%ly 2.75%y ' 3.5%/y 4.0%/y
Average Fuel Economy (miles per gallon)
Required 23.36 24.27 2525 25.91
Achieved 25.23 25.23 25.79 26.53
Average Fuel Consumption (gallons /100 mi.)
Required 428 4.12 3.96 3.86
Achieved 3.96 3.96 3.88 3.77
Average Greenhouse Gas Emissions (g/mi)
Required 436 419 404 393
Achieved 404 404 395 384
Technology Penetration (%)
VVT and/or VVL 0 0 0 0
Cylinder Deac. 0 0 0 0
Direct Injection 0 0 0 0
Turbocharging 44 44 44 44
8-Speed AT 0 0 44 100
EPS, Accessories 0 0 0 87
Stop-Start 0 0 0 0
Hybridization 0 0 0 0
Aero.
Improvements 0 0 0 0
Mass Reduction (vs. No-Action)
CW (1b) 0 0 0 0
CW (%) 0 0 0 0
Pageof
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Technology Cost (vs. No-Action)
Average ($) 0 0 165 374
Total ($m) 0 0 4 9
Table VI-221%: Summary of impacts on Nissan by 2030
Standard Increases 20% | 275%fy | 3.5%My 4.0%/y
Average Fuel Economy (miles per gallon)
Required 19.64 20.41 20.92 21.46
Achieved 19.84 20.7 21.19 21.51
Average Fuel Consumption (gallons /100 mi.)
Required 5.09 4.9 4.78 4.66
Achieved 5.04 4.83 472 4.65
Average Greenhouse Gas Emissions (g/mi)
Required 452 435 425 414
Achieved 448 430 419 413
Technology Penetration (%)
VVT and/or VVL 100 100 100 100
Cylinder Deac. 49 49 49 49
Direct Injection 51 51 51 100
Turbocharging 51 51 51 50
8-Speed AT 0 0 51 51
EPS. Accessories 0 0 100 100
Stop-Start 0 0 0 0
Hybridization 0 0 0 28
Aero. Improvements 0 0 100 100
Mass Reduction (vs. No-Action)
CW (Ib) 0 0 307 303
CW (%) 0 0 5 4.9
Technology Cost (vs. No-Action)
Average ($) 378 736 1,347 1,935
Total ($m) 5 9.7 17.7 25.4

As Table VI-21Fable V118 and Table VI-22Fable- V119 show, Nissan applies more
technology than Daimler in the less stringent alternatives and significantly more technology with
increasing stringency. The FEuro-style Sprinter vans that comprise all of Daimler’s model
offerings in this segment put Daimler in a favorable position. However, those vans are already
advanced — containing downsized diesel engines and advanced aerodynamic profiles. Much like
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the Ford Transit vans, the recent improvements to the Sprinter vans occurred outside the scope of
the compliance modeling so the costs of the improvements are not captured in the analysis.

Although Daimler’s required fuel economy level is much higher than Nissan’s (in miles
per gallon), Nissan starts from a much weaker position than Daimler and must incorporate
additional engine, transmission, platform-level technologies (e.g. mass reduction and
aerodynamic improvements) in order to achieve compliance. In fact, more than 25 percent of
Nissan’s van offerings become are projected to contain integrated starter generators by 2030 in
Alternative 5.

While the agencies do not allow sales volumes for any manufacturer (or model) to vary
across regulatory alternatives in the analysis, it is conceivable that under the most stringent
alternatives individual manufacturers could lose market share to their competitors if the prices of
their new vehicles rise more than the industry average without compensating fuel savings and/or
changes to other features.

(b) Consumer Impacts

The consumer impacts of the rule are more straightforward. Table YVI-23%ab 3
shows the impact on the average consumer who buys a new class 2b or 3 vehicle in model year
2030. (NOTE: AS WITH THE OTHER TABLES ABOVE, THE MODEL YEAR IN THIS
TABLE MAY BE CHANGED TO 2027, WHICH ONLY DIFFERS IN THE SECOND
DECIMAL PLACE.) All dollar values are discounted at a rate of 7 percent per year from the
time of purchase (except the average price increase, which occurs at the time of purchase).

Table VI-2328: Summary of individual consumer impacts in MY 2030

Standard 20%y | 275%y | 3.5%y | 4.0%ky
Value of Lifetime Fuel Savings (discounted 2012 dollars)
Pretax 2,068 3,240 4,180 4,676
Tax 210 335 438 491
Total 2,278 3,575 4,618 5,168
Economic Benefits (discounted 2012 dollars)

Mobility Benefit 244 368 472 525
Avoided

Refueling Time 86 134 172 193

New Vehicle Purchase (vs. No-Action Alternative)

Avg. Price

Increase ($) 578 1,015 1,655 2.080

Avg. Payback 5 ’3 . s

(years) - = . .
Net Lifetime Consumer Benefits (discounted $)
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Total Net Benefits | 2,030 | 3,062 3.607 3,806

As expected, a consumer’s lifetime fuel savings increase monotonically across the
alternatives. However, the roughly $600 increase in lifetime savings generated by moving from
Alternative 4 to Alternative 5 1 -smaller than the increase moving from Alternative
2% to Alternative 4, illustrating the diminishing returns to increasing fuel economy beyond
some level. The mobility benefit in Table VI-23Table 26 refers to the value of additional
miles that an individual consumer travels as a result of reduced per-mile travel costs. The
additional miles result in additional fuel consumption and represent foregone fuel savings, but
are valued by consumers at the cost of the additional fuel plus the consumer surplus (a measure
of the increase in welfare that consumers achieve by having more mobility). The refueling
benefit measures the value of time saved through reduced refueling events, the result of
improved fuel economy and range in vehicles that have been modified in response to the
standards.

Overall, the average consumer is likely to see discounted lifetime benefits that are
multiples of the price increases faced when purchasing the new vehicle in MY 2030 (or the few
model years preceding 2030). In particular, the net present value of future benefits at the time of
purchase are estimated to be 3.5, 3.0, 2.2, and 1.8 times the price increase of the average new
MY2030 vehicle for Alternatives 2 — 5, respectively.
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(c) Social and Environmental Impacts

ocial benefits increase : -with the increasing

stringency of the allernatives : S
S v e m the consumer analysis, the net benefits continue to
increase with increasing stringency — suggesting that benefits are still increasing faster than costs
for even the most stringent alternative.

Table VI-242%: Summary of total social costs and benefits through MY2027

Standard Increase | 2.00% | 2.75% | 3.50% | 4.00%
Fuel Purchases ($billion)
Pretax Savings | 7 16 | 14 | 165
Fuel Externalities ($billion)
Energy Security 0.2 0.4 0.5 0.6
CO2 emissions 1.4 2.2 2.9 34
VMT-Related Externalities ($billion)
Driving Surplus 0.8 1.2 1.5 1.8
Refueling Surplus 0.3 0.4 0.6 0.7
Congestion -0.2 -0.2 -0.3 -0.4
Accidents -0.1 -0.1 -0.2 -0.2
Noise 0 0 0 0
Fatalities 0.1 -0.2 -0.2 -0.3
Criteria Emissions 0.6 0.9 1.1 13
Technology Costs vs. No-Action ($billion)
Incremental Cost 19 | 33 | ss | 76
Benefit Cost Summary ($billion)

Total Social Cost 2.2 3.8 6.2 85
Total Social Benefit 12.6 157 20.6 243
Net Social Benefit 10.4 11.9 14.4 15.8

Table VI-24Table ¥1-21 provides a summary of benefits and costs, cumulative from
MY2015 — MY2027 (although the early years of the series typically have no incremental costs
and benefits over the baseline), for each alternative. In the social perspective, fuel savings are
considered net of fuel taxes, which are a transfer from purchasers of fuel to society at large. The
energy security component represents the risk premium associated with exposure to oil price
spikes and the economic consequences of adapting to them. This externality is monetized on a
per-gallon basis, just as the social cost of carbon is used in this analysis. Just as the previous two
externalities are caused by fuel consumption, others are caused by travel itself. The additional
VMT resulting from the increase in travel demand that occurs when the price of driving
decreases (i.e. the rebound effect), not only leads to increased mobility (which is a benefit to
drivers), but also to increases in congestion, noise, accidents, and per-mile emissions of criteria

ED_002078G_00029342-00092



pollutants like carbon monoxide and diesel particulates. Although increases in VMT lead to
increases in tailpipe emissions of criteria pollutants, the proposed regulations decrease overall
consumption enough that the emissions reductions associated with the remainder of the fuel
cycle (extraction, refining, transportation and distribution) are large enough to create a net
reduction in the emissions of criteria pollutants (shown below in Table VI-25%Fable V122 and
Table VI-20F -23).48

Another side effect of increased VMT is the likely increase in traffic fatalities, which is a
function of the total vehicle travel in each year. As Table VI-24%Table-VI-21 illustrates, the |
positive social cost associated with traffic fatalities is the result of an additional -9 (implying that
Alternative 2 actually leads to a reduction in fatalities over the baseline, due to the application of
mass reduction technologies), 24, 24, and 47 fatalities for Alternatives 2-5, respectively. To put
those numbers in context, the baseline contains over 21,000 fatalities attributable to 2b/3 vehicles
over the same period. The incremental fatalities associated with the alternatives translate to less
than -0.4, 0.1, 0.1, and 0.2 percent increases over the MY2015-2027 baseline, respectively.

One notable facet of Table VI-24Fable-VI-21 is the categorization of benefits; while l
consumer benefits are also social benefits, the external portions of the net benefits to society
(composed of reductions in CO2 emissions, improved energy security, congestion, accidents,
noise, and criteria pollutant emissions) are smaller than the total technology cost in each
alternative. In the case of the more stringent alternatives, they sum to only about half the
technology cost, whereas pretax fuel savings, alone, are considerably greater than technology
costs for each regulatory alternative. Therefore, while any of the regulatory alternatives
considered today would be cost-beneficial considering only buyer’s avoided pretax fuel outlays,
none would be cost-beneficial considering only economic externalities.

The agencies have used the CAFE model to estimate the emissions impacts of the various
alternatives that are the result of lower fuel consumption, but increased vehicle miles traveled for
vehicle produced in model years subject to the standards in the alternatives. Criteria pollutants
are largely the result of vehicle use, and accrue on a per-mile-of-travel basis, but the alternatives
still generally lead to emissions reductions. Although vehicle use increases under each of the
alternatives, upstream emissions associated with fuel refining, transportation and distribution are
reduced for each gallon of fuel saved and that savings 1s larger than the incremental increase in
emissions associated with increased travel. The net of the two factors is a savings of criteria (and
other) pollutant emissions.

Table VI-2322: Summary of environmental impacts through MY2027, dynamic baseline

Annual Std. Increase 20% | 275% | 35% | 4.0%
Greenhouse Gas Emissions vs. No-Action Alternative
CO2 (MMT) \ 40 | 60 79 ] 92

regulation’s impact on emissions of CO2 and criteria pollutants, sce NHTSA’s accompanying Environmental Iml;;;:t
Statement:—75%-..
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CH4and N20 (tons) | 47,100 | 72200 [ 95700 112,700
Other Emissions vs. No-Action Alternative (tons)
CO 6,970 12,920 18,210 21,860
VOC and NOx 19,440 30,460 40,780 47,990
PM 1,130 1,670 2,190 2,570
SO2 9,140 13,600 17,870 21,030
Air Toxics 32 34 38 44
Diesel PM10 1,800 2,710 3,590 4,230
Other Emissions vs. No-Action Alternative (% reduction)

CO 0.1 0.2 0.3 0.3
VOC and NOx 1.0 1.6 2.1 2.5
PM 1.5 2.2 2.9 3.4
SO2 2.5 3.7 4.8 5.7
Alr Toxics 0.1 0.1 0.1 0.1
Diesel PM10 2.3 3.5 4.6 5.4

In addition to comparing environmental impacts of the alternatives against a dynamic
baseline that shows some improvement over time, compared to today’s fleet, even in the absence
of the alternatives, the agencies compared environmental impacts against a flat baseline that
assumes no technological change in new class 2b/3 vehicles over the next two decades. This
other comparison is summarized below, but both comparisons are discussed in greater detail in

the EIS.

Table VI-2633: Su v of envir tal impacts through MY2027, flat baseline

Annual Std. Increase | 2.0% | 275% | 35% |  4.0%
Greenhouse Gas Emissions vs. No-Action Alternative
CO2 (MMT) 47 68 92 103
CH4 and N20O (tons) 57,300 82,400 112,600 125,100
Other Emissions vs. No-Action Alternative (tons)
CO 7,680 13,540 19,950 23,050
VOC and NOx 23,570 34,570 47,610 53,070
PM 1,400 1,940 2,620 2,890
SO2 11,270 15,790 21,340 23,580
Air Toxics 42 46 54 56
Diesel PM10 2,210 3.140 4,260 4,720
Other Emissions vs. No-Action Alternative (% reduction)

CO 0.1 0.2 0.3 0.4
VOC and NOx 1.2 1.8 2.5 2.7
PM 1.8 2.6 34 3.8
SO2 3.0 42 57 6.3
Air Toxics 0.1 0.1 0.2 0.2
Diesel PM10 2.8 4.0 54 6.0
Pageof
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(6) Sensitivity Analysis to Different Inputs
[NOTE: This section to be updated. Not all cases listed below have been evaluated vyet.]

OMB Circular A-4 indicates that “it is usually necessary to provide a sensitivity analysis
to reveal whether, and to what extent, the results of the analysis are sensitive to plausible changes
in the main assumptions and numeric inputs.”* Considering this guidance, NHTSA performed a
number of sensitivity analyses to examine important assumptions and inputs, including the
following, all of which are discussed in greater detail in the accompanying RIA:

1. Payback Period: In addition to the 0 and 6 month payback periods discussed above,
NHTSA also evaluated cases involving payback periods of 12, 18, and 24 months.

2. Fuel Prices: NHTSA evaluated cases mvolving fuel prices from the AEO 2014 low and

high oil price scenarios.

Fuel Prices and Payback Period: NHTSA evaluated one side case involving a 0 month

payback period combined with fuel prices from the AEO 2014 low oil price scenario, and

one side case with a 24 month payback period combined with fuel prices from the AEO

2014 high oil price scenario.

4. Benefits to Vehicle Buyers: The main analysis assumes there is no loss in value to
consumers resulting from vehicles that have an increase in price and higher fuel
economy. This sensitivity analysis assumes that there is a 25, or 50 percent loss in value
to consumers — equivalent to the assumption that consumers will only value the
calculated benefits they will achieve at 75, or 50 percent, respectively, of the main
analysis estimates.

5. Value of Avoided GHG Emissions: NHTSA evaluated side cases involving lower and
higher valuation of avoided CO; emissions, expressed as the social cost of carbon (SCC).
The agencies also evaluated a side case involving valuation of methane (CH4) and nitrous
oxide (N2O) emissions.

6. Rebound Effect: NHTSA evaluated side cases involving rebound effect values of 5%,

15%, and 20%.

Markup of Direct Costs: NHTSA evaluated a side case where a factor of 1.5 was used

8. RPE-based Markup: NHTSA evaluated a side case using a retail price equivalent (RPE)
markup factor of 1.5 for non-electrification technologies, which is consistent with the
NAS estimation for technologies manufactured by suppliers, and a RPE markup factor of
1.33 for electrification technologies (HEV, PHEV and EV).

9. ICM-based Post-Warranty Repair Costs: NHTSA evaluated a side case that scaled the
frequency of repair by vehicle survival rates, assumes that per-vehicle repair costs during
the post-warranty period are the same as in the in-warranty period, and that repair costs

78]

~

4 Available at http://www.whitehouse. gov/omb/circulars 2004 a-4/.
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are proportional to incremental direct costs (therefore vehicles with additional
components will have increased repair costs).

10. Mass-Safety Effect: NHTSA evaluated side cases with the mass-safety impact
coefficient at the values defining the 5% and 95 percent points of the confidence interval
estimated in the underlying statistical analysis.

11. Strong HEVs: NHTSA evaluated a side case in which strong HEVs were excluded from
the set of technology estimated to be available for HD pickups and vans through model
year 2030.

12. Diesel Downsizing: NHTSA evaluated a side case in which downsizing of diesel engines
was estimated to be more widely available to HD pickups and vans.

13. Technology Effectiveness: NHTSA evaluated side cases involving inputs reflecting
lower and higher impacts of technologies on fuel consumption.

14. Technology Direct Costs: NHTSA evaluated side cases involving inputs reflecting
lower and higher direct incremental costs for fuel-saving technologies.

15. Fleet Mix: NHTSA evaluated a side case in which the shares of individual vehicle
models and configurations were kept constant at estimated current levels.

Table VI-27%Fable 3124 below, summarizes key results for each of the cases included in
NHTSA’s sensitivity analysis. More detailed results are available in the accompanying RIA.

ED_002078G_00029342-00096



Table VI-2724 Sensitivity Analysis Results from CAFE Model

[Note: Table columns show some likely metrics. Will be refined and updated. ]

Case

VMT

Fuel

Per-
Vehicle
Costs

Buyers’
Benefits

Social
Benefits

Social
Costs

Social Net
Benefits

Reference (6-mo. payback)

0-mo. payback

12-mo. payback

18-mo. payback

24-mo. payback

Low fuel prices

High fuel prices

Low fuel prices w/ 0-mo.
payback

High fuel prices w/ 24-mo.
payback

75% benefit to buyers

50% benefit to buyers

Low SCC

High SCC

Very High SCC

Valuation of CHy and N,O

5% rebound

15% rebound

20% rebound

RPE-based markup

ICM-based repair costs

5" % mass-safety coefficient

95" % mass-safety coefficient

No SHEVs

Wider diesel downsizing

Lower technology effects

Higher technology effects

Lower technology costs

Higher technology costs

No changes in fleet mix

E. Compliance and Flexibility for HD Pickup and Van Standards
(1) Averaging, Banking, and Trading

The Phase 1 program established substantial flexibility in how manufacturers can choose

environment and for energy consumption and security. Primary among these tlexibilities are the

gradual phase-in schedule, and the corporate fleet average approach which encompasses

Pageof
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and Section IV.A (3) of the Phase 1 prcdmble (76 FR 57743) for a discussion of the credit
calculation methodology.

Manufacturers in this category typically offer gasoline and diesel Vers10ns ot HD plckup
and van vehicle models. The agencies established chassis-based Phase 1 gas ; =
standards that are equivalent in terms of stringency for gasoline and diesel v ehsu{eq and are
proposing the same approach to stringency for Phase 2. In Phase 1, the agencies established that
HD pickups and vans are treated as one large averaging set that includes both gasoline and diesel
vehicles®? and the agencies are proposing to maintain this averaging set approach for Phase 2.

As explained in Section I1. C(%) of the Phase 1 preamble (76 FR 57167), and in Section
VL B (3 )) above the program 1= ASLOBILS fzmlunlwd 50 that final conmh&nce 1S

that pomt, each manufacturer calculates m oduction-weighted fleet average CO» emission dlld
fuel consumption rates along with its production-weighted fleet average COz-and-fuel
consamptienstandard. Under this approach, a manufacturer’s HD pickup and van fleet that
achieves a fleet average CO» or fuel consumption level better than its standard arewould be
allowed to generate credits. Conversely, if the fleet average CO-, or fuel consumption level does
not meet its standard, the fleet would incur debits (also referred to as a shortfall).

A manufacturer whose fleet generates credits in a given model year will have several
options for using those credits to offset emissions from other HD pickups and vans. These
options include credit carry-back, credit carry-forward, and credit trading within the HD pickup
and van averaging set. These types of credit provisions also exist in the light-duty 2012-2016
and 2017-2025 MY vehicle rules, as well as many other mobile source standards issued by EPA
under the CAA. The manufacturer will be able to carry back credits to offset a deficit that had
accrued in a prior model year and was subsequently carried over to the current model year, with
a limitation on the carry-back of credits to three model years. After satisfying any need to offset
pre-existing deficits, a manufacturer may bank remaining credits for use in future years, with a
limitation on the carry-forward of credits to five model years. Averaging vehicle credits with
engine credits or between vehicle weight classes is not allowed, as discussed in Section 1.€: The
agencies are not proposing changes to any of these provisions for the Phase 2 program.

The agencies request comment on the merits of a temporary credit carry-forward period
of longer than 5 years for HD pick-ups and vans, allowing Phase 1 credits generated in MYs
2014-2019 to be used through MY 2025. EPA included a similar provision in the MY 2017-
2025 light-duty vehicle rule, which allows a one-time credit carry-forward of MY 2010-2015
credits to be carried forward through MY 2021.51 Such a credit carry-forward extension for HD

% See 40 CFR Section 1037.104 (d). Credits may not be transferred or traded between this vehicle averaging set and
loose engines or other heavy-duty categories, as discussed in Section L.
5L 77 FR 62788, October 15, 2012.
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pick-ups and vans may provide manufacturers with additional flexibility during the transition to
the proposed Phase 2 standards. A temporary credit carry-forward period of longer than five
years for Phase 1 credits may help manufacturers resolve lead-time issues they might face as the
proposed more stringent Phase 2 standards phase-in and help avoid negative impacts to their
product redesign cycles which tend to be longer than those for light-duty vehicles.

As discussed in Section VI.B.4., EPA is proposing to change the HD pickup and van
useful life for GHG emissions from the current 11 vears/120,000 miles to 15 years/150,000 miles
to make the useful life for GHG emissions consistent with the useful life of criteria pollutants
recently updated in the Tier 3 rule. As shown in the Equation | Equation-1 i vt d-credits |
calculation formula below, established by the Phase 1 rule, useful life in miles is a multiplicative
factor included in the calculation of CO; and fuel consumption credits. In order to ensure
banked credits maintain their value in the transition from Phase 1 to Phase 2, NHTSA and EPA
propose an adjustment factor of 1.25 for credits that are carried forward from Phase 1 to the MY
2021 and later Phase 2 standards. Without this adjustment factor the proposed change in useful
life would effectively result in a discount of banked credits that are carried forward from Phase 1
to Phase 2, which is not the intent of the change in the useful life. The agencies do not believe
that this proposed adjustment results in a loss of program benefits because there is little or no
deterioration anticipated for CO» emissions and fuel consumption over the life of the vehicles.
Also, as described in the standards and feasibility sections above, the carry-forward of credits is
an integral part of the program, helping to smoothing the transition to the new Phase 2 standards.
The agencies believe that effectively discounting carry-forward credits from Phase 1 to Phase 2
would be unnecessary and could negatively impact the feasibility of the proposed Phase 2
standards. EPA and NHTSA request comment on all aspects of the averaging, banking, and
trading program.

Fquation 113: Total Model Year Credit (Debit) Calculation
CO; Credits (Mg) = [(CO; Std — CO» Act) x Volume x UL] + 1,000,000

Fuel Consumption Credits (gallons) = (FC Std — FC Act) x Volume x UL x 100
Where:

CO; Std = Fleet average CO» standard (g/mi)

FC Std = Fleet average fuel consumption standard (gal/100 mile)

CO; Act = Fleet average actual CO; value (g/mi)

FC Act = Fleet average actual fuel consumption value (gal/100 mile)

Volume = the total production of vehicles in the regulatory category

UL = the useful life for the regulatory category (miles)
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(2) Advanced Technology Credits

The Phase 1 program included on an interim basis advanced technology credits for MYs
2014 and later in the form of a multiplier of 1.5 for the following technologies:

e Hybrid powertrain designs that include energy storage systems
¢ Rankine cycle engines

e All-electric vehicles

e Fuel cell vehicles

The advanced technology credit program is intended to encourage early development of
technologies that are not yet commercially available. This multiplier approach means that each
advanced technology vehicle would count as 1.5 vehicles in a manufacturer’s compliance
calculation. A manufacturer also has the option to subtract these vehicles out of its fleet and
determine their performance as a separate fleet calculating advanced technology credits that can
be used for all other HD vehicle categories, but these credits would, of course, not then be
reflected in the manufacturer’s conventional pickup and van category credit balance. The credits
are thus ‘special’ in that they can be applied across the entire heavy-duty sector, unlike the ABT
and early credits discussed above and the innovative technology credits discussed in the
following subsection. The agencies also capped the amount of advanced credits that can be
transferred into any averaging set into any model year at 60,000 Mg to prevent market
distortions.

The advanced technology multipliers were included on an interim basis in the Phase 1
program and the agencies are proposing to end the incentive multipliers beginning in MY 2021,
when the more stringent Phase 2 standards are proposed to begin phase-in. The agencies are
proposing a similar approach for the other HD sectors as discussed in Section I.C. (1). The
advanced technology incentives are intended to promote the commercialization of technologies
that have the potential to provide substantially better GHG emissions and fuel consumption if
they were able to overcome major near-term market barriers. However, the incentives are not
intended to be a permanent part of the program as they result in a decrease in overall GHG
emissions and fuel consumption benefits associated with the program when used. The agencies
believe the proposal represents a reasonable balance of these factors. EPA and NHTSA similarly
mcladed temporary advanced technology multipliers in the light-duty 2017-2025 program,
believing it was worthwhile to forego modest additional emissions reductions and fuel
consumption improvements in the near-term in order to lay the foundation for the potential for
much larger “game-changing” GHG and oil consumption reductions in the longer term.>* The
incentives in the light-duty vehicle program are available through the 2021 model year.

5277 FR 62811, October 15, 2012.
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The agencies request comment on the proposed approach for the advanced technology
multipliers for HD pickups and vans, including comments on whether or not the credits should
be extended to later model years for more advanced technologies such as EVs and fuel cell
vehicles. These technologies would presumably need to overcome the highest hurdles to
commercialization for HD pickups and vans, and also have the potential to provide the highest
level of benefit.

NHTSA and EPA established that for Phase 1, EVs and other zero tailpipe emission
vehicles be factored into the fleet average GHG and fuel consumption calculations based on the
diesel standards targets for their model year and work factor. The agencies also established for
electric and zero emission vehicles that in the credits equation the actual emissions and fuel
consumption performance be set to zero (i.e. that emissions be considered on a tailpipe basis
exclusively) rather than including upstream emissions or energy consumption associated with
electricity generation. Although the agencies are proposing to end advanced technology credits,
the agencies are proposing to continue standards based on tailpipe emissions and therefore
propose to continue to count electric operation at zero grams per mile.

(3) Innovative Technology (Off-cycle) Credits

The Phase 1 program established an opportunity for manufacturers to generate credits by
applying innovative technologies whe swhose CO; and fuel consumption benefits are not
captured on the 2-cycle test procedure (i.e., off-cycle).® To generate credits, manufacturers are
required to submit data and a methodology for determining the level of credits for the innovative
technology subject to EPA and NHTSA review and approval. The application for innovative
technology credits is also subject to a public evaluation process and comment period. EPA and
NHTSA would approve the methodology and credits only if certain criteria were met. Baseline
emissions and fuel consumption®* and control emissions and fuel consumption need to be clearly
demonstrated over a wide range of real world driving conditions and over a sufficient number of
vehicles to address issues of uncertainty with the data. Data must be on a vehicle model-specific
basis unless a manufacturer demonstrated model-specific data were not necessary. Once a
complete application is submitted by the manufacturer, the regulations require that the agencies
publish a notice of availability in the Federal Register notifying the public of a manufacturer’s
proposed off-cycle credit calculation methodology and provide opportunity for comment.

The approach finalized for HD pickups and vans paralleled provisions for off-cycle
credits in the MY 2012-2016 light-duty vehicle GHG program.>® In the MY 2017-2025 light-
duty vehicle program, EPA revised the off-cycle credits program for light-duty vehicles to
streamline the credits process. In addition to the process established in the MY 2012-2016 rule,
EPA added a list or “menu” of pre-approved off-cycle technologies and associated credit

% See 76 FR 57251, September 15, 2011 and 40 CFR 1037.104(d)(13).

3 Fuel consumption is derived from measured CO; emissions using conversion factors of 8,887 g CO,/gallon for
gasoline and 10,180 g CO4/gallon for diesel fuel.

% See 75 FR 25440, May 7, 2010 and 40 CFR 86.1869(d).
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levels.>® Manufacturers may use the pre-defined off-cycle technology menu to generate light-
duty vehicle credits by demonstrating at time of certification that the vehicles are equipped with
the technology without providing additional test data. Different levels of credits are provided for
cars and light trucks in the light-duty program. NHTSA also included these credits in the CAFE
program (in gallons/mile equivalent) starting with MY 2017. The list of pre-approved off-cycle
technologies is shown below.

Table VI-282%: Pre-approved Off-cycle Technologies for Light-duty Vehicles

Pre-approved technologies
High Efficiency Exterior Lighting (at 100W)
Waste Heat Recovery (at 100W, scalable)
Solar Roof Panels (for 75 W, battery charging
only)
Solar Roof Panels (for 75 W, active cabin
ventilation plus battery charging)
Active Aerodynamic Improvements
(scalable)
Engine 1dle Start-Stop w/ heater circulation
system
Engine 1dle Start-Stop without/ heater
circulation system
Active Transmission Warm-Up
Active Engine Warm-Up
Solar/Thermal Control

EPA and NHTSA are requesting comment on establishing a pre-defined technology
menu list for HD pickups and vans. The list for HD pickups and vans could include some or all
of the technologies listed in Table VI-2&Table-%¥1-25 for light-duty vehicles. As with the light-
duty program, the pre-defined list may simplify the process for generating off-cycle credits and
may further encourage the introduction of these innovative technologies. However, the
appropriate level of credits for the heavier vehicles would need to be established. The agencies
request comments with supporting HD pickup and van specific data and analysis that would
provide a substantive basis for appropriate adjustments to the credits levels for the HD pickup
and van category. The data and analysis would need to demonstrate that the pre-defined credit
level represents real-world emissions reductions and fuel consumption improvements not
captured by the 2-cycle test procedures.

% 77 FR 62832-62839, October 15, 2012.
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As with the light-duty vehicle program, the agencies would also consider including a cap
on credits generated from a pre-defined list established for HD pickups and vans. The cap for
the light-duty vehicle program is 10 g/mile (and gallons/mi equivalent) applied on a
manufacturer fleet-wide basis.’” The 10 g/mile cap limits the total off-cycle credits allowed
based on the pre-defined list across the manufacturer’s light-duty vehicle fleet. The agencies
adopted the cap on credits to address issues of uncertainty regarding the level of credits
automatically assigned to each technology. Manufacturers able to demonstrate that a technology
provides improvements beyond the menu credit level would be able to apply for additional
credits through the individual demonstration process noted above. Credits based on the
individual manufacturer demonstration would not count against the credit cap. If a menu list of
credits is developed to be included in the HD pickup and van program, a cap may also be
appropriate depending on the technology list and credit levels. The agencies request comments
on all aspects of the off-cycle credits program for HD trucks and vans.

(4) Demonstrating Compliance for Heavy-duty Pickup Trucks and Vans

The Phase 1 rule established a comprehensive compliance program for HD pickups and
vans that NHTSA and EPA are generally retaining for Phase 2. The compliance provisions
cover details regarding the implementation of the fleet average standards including vehicle
certification, demonstrating compliance at the end of the model vear, in-use standards and
testing, carryover of certification test data, and reporting requirements. Please see Section V.B
(1) of the Phase 1 rule preamble (76 FR 57256-57263) for a detailed discussion of these
provisions.

The Phase 1 rule contains special provisions regardmg loose engines and optional chassi
certification of sistercertain vocalional vehicles spgimesover 14,000 by, GYWR, The
agencies are proposing to extend the sistor whue-ﬁpuonai chassis certification provisions to

Phase 2 and are not proposing to extend the loose engine provisions. See the vocational vehicle

Section V above for a complete discussion of these proposals.

57 See 40 CFR 86.1869-12(b).
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